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DISCLAIMERS

The findings in this report are not to be construed as an official Department of the
Army position unless so designated by other authorized documents.

When Government drawings, specifications, or other data are used for any purpose
other than in connection with a definitely related Government procurement operation,
the United States Government thereby incurs no responsibility nor any obligation
whatsoever; and the fact that the Government may have formulated, furnished, or in
any way supplied the said drawings, specifications, or other data is not to be regarded
by implication or otherwise as in any manner licensing the holder or any other person
or corporation, or conveying any rights or permission, to manufacture, use, or sell

any patented invention that may in any way be related thereto.

Trade names cited in this report do not constitute an official endorsement or approval
of the use of such commercial hardware or software.
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Destroy this report when no longer needed. Do not return it to the originator.
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DEPARTMENT OF THE ARMY
U.S. ARMY AIR MOBILITY RESEARCH & DEVELOPMENT LABORATORY
EUSTIS DIRECTORATE
FORT EUSTIS, VIRGINIA 23604

The Eustis Directorate of the U.S. Army Air Mobility Research and
Development Laboratory is conducting a series of investigations of
current Army helicopter maintenance operations and procedures, which
include scheduled maintenance inspection systems and practices. It is
intended that the results of these investigations will be directed
toward determining the best way to achieve economic inspection and
maintenance procedures while keeping abreast of the rapid advances in
aircraft design.

This contract was awarded to analyze the existing scheme in aircraft
maintenance scheduled inspection and to optimize a desirable system that
would have universal application to the various helicopters in the Army
inventory.

The findings presented herein are considered to be reasonable within
the boundaries of a generic approach and may be directly usable in
establishing future inspection schemes. The results of this study will
be used in future studies dealing with helicopter maintenance data ’
collection and helicopter maintenance procedures.

The technical monitor of this contract was Mr. William B. Sweeney,
Reliability and Maintainability Division.
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SUMMARY

This analysis of Army helicopter inspection requirements was
performed by the RCA Corporation with the participation of the
Kaman Aerospace Corporation. The major purpose was to perform
a substantive engineering analysis of aircraft maintenance
scheduled inspection to select and recommend the inspection
concept which can most effectively be applied to all typical
helicopter types required within the planned Army mission
envelope. 1In addition, a checklist for use in the technology
review of future aircraft design was developed.

Selection of the recommended inspection system involved anal-
ysis of the component complement of five helicopters. A
computer model was developed for comparison of alternate
practicable inspection schemes. This model evaluates the im-
pact of different inspection cycle times and variations in
scheduling of specific components for inspection within that
cycle. Pertinent factors related to the effectiveness of in-
spection schemes are calculated. These factors provide a mea-
sure of safety, reliability, availability, and cost for use in
the comparison. Component maintenance history data (RAMMIT,
USABAAR, NAVY 3M) was evaluated and processed to form a master
file of component data applicable to the evaluation. Candidate
inspection concepts developed through review of Army doctrine,
knowledge of Navy and Air Force practices, and engineering re-
view component data were then evaluated within the model.

Engineering analyses and modeling results clearly indicate that
present inspection cycle times can be increased to provide in-
creased efficiency and maintenance cost savings with little
reduction in mission reliability. The evaluations resulted in
the selection of the phased inspection concept with 100-hour
interval and 800-hour cycle times as the recommended inspection
system for Army helicopters. This concept provides a high
figure of merit based upon reliability and availability con-
siderations and indicates substantial cost advantage over the
other concepts. In addition, phased inspection involves less
severe disruptions to aircraft operating schedules since each
inspection point represents a shorter, more manageable work
package than in other concepts.
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FOREWORD

This study of helicopter inspection requirements was performed
under Contract DAAJ02-71-C-0047 with the Eustis Directorate,
U.S. Army Air Mobility Research and Development Laboratory,
Fort Eustis, Virginia. The work was authorized by DA Task
1F162205A11905. The study was under the general technical
cognizance of Mr. William B. Sweeney and Major Vincent G.
Ripoll of the Reliability and Maintainability Division. The
analysis resulted in selection of the preventive maintenance
scheduled aircraft inspection system best applicable to all
typical Army helicopter types.

The authors wish to acknowledge the contributions made to this
program by Messrs. L.R. Hulls of the RCA Corporation and Frank
E. Starses of the Kaman Aerospace Corporation technical staffs.
Acknowledgement of the contribution of Army personnel from the
Fort Eustis aircraft maintenance training center who provided
valuable study input data is also extended.
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DISCUSSION

BACKGROUND AND STATEMENT OF THE PROBLEM

In 1951, studies were unde :taken to evaluate an optimum main-
tenance inspection system that could be standardized and ap-
plied throughout the United States Army. The systems evalu-
ated then were derived from the U.S. Air Force established
preventive maintenance inspection systems. The U.S. Army
aviation world has experienced a revolution in aircraft de-
signs and configurations since that time; however, this revo-
lution has never been paralleled by a close study of new or
better systems in the preventive maintenance inspection scheme.
Consequently, three different systems are presently being used
by various activities of the U.S. Army. This application of
different schemes to Army aircraft types has created the need
for differences in the applicable 20-series technical manuals
and modification in maintenance practices and reporting
procedures.

Broad and intensive operational usage of military helicopters
during the last decade has resulted in the development of a
wealth of knowledge of helicopter maintenance and inspection
requirements. This knowledge is contained within the mainten-
ance records collected through the military services reporting
systems and in the know-how of skilled aircraft maintenance
personnel. These data sources are available for examination
in evaluating many aspects of helicopter maintenance.

Government research documents in the Defense Documentation
Center revealed numerous studies of special inspections but
not a single study in the preventive maintenance scheduled in-
spection systems as prescribed by the Department of the Army
since the early 1950's. This situation indicated that the evo-
lution of preventive maintenance scheduled inspection had not
followed the technological advancement of Army aviation. Yet
presently available data indicated that a fruitful evaluation
oi the possible concepts could be accomplished. This led to
the decision to contract for the analysis of Army helicopter
inspection requirements described in this report.



STUDY OBJECTIVES

The basic objective of the work performed was to analyze the
existing schemes in aircraft maintenance scheduled inspection
for the typical current Army helicopter types (LOH, UH, AH,
CH-Medium and CH-Heavy) and to select and reccmmend an optimum
concept. The inspection system selected was required to be
that system which can most effectively be applied as standard
for all aircraft types in all or any size units regardless of
assigned mission or geographical location.

As a secondary objective, preparation of a checklist for use
in technology reviews of future designs as they relate to heli-
copter maintenance inspection was required.

INSPECTION SYSTEM DESIRED CHARACTERISTICS

A number of basic characteristics were sought in selection of
the optimum helicopter inspection system. As part of the study
plan formulation, each of these was evaluated to determine the
extent to which factors were interrelated and the impact of
each on the analytical technique to be used. Certain basic
considerations evolved from this analysis and contributed to
development of the technical approach:

Universal Application (Same for All Aircraft). This was con-
sidered to be a primary study goal. The inspection system ul-
timately adopted should be suitable to any size or complexity
helicopter in the forseeable Army inventory and should also
accommodate variations in force size, use levels, mission
assignment, and operating environments. At the outset it was
recognized, however, that a given inspection concept might well
prove to be more desirable for certain classes of aircraft and
operating conditions than for others, but that the objective
was to structure the one concept best for all aircraft types.
It was important that this objective be foremost among the
study goals.

Accomplished Predominantly by Crew Chief. The optimum inspec-
tion system should minimize the number and types of inspection
personnel required. The flight-readiness inspections (pre-
flight, daily, etc.) should not require skills beyond those
possessed by the crew chief and should not be more time-
consuming than is practicable for one man to perform. It would
be desirable to have the crew chief accomplish at least part of
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the scheduled inspections, possibly all on the smaller, less
complex aircraft. Any endeavor to minimize the size of the
inspection crew should, however, seek a proper balance with
other, equally important factors such as inspection efficiency,
downtime, etc. Some additional persomnel and skills would ob-
viously be required for the scheduled inspections, especially
for the larger, more complex aircraft.

Minimum Special Inspections. Special inspection requirements
are largely of two types. First there are those predicated
upon the occurrence of unusual events such as hard landings,
rotor overspeeds, etc. Special examinations are required in
these circumstances to ascertain the extent of damage suffered
by certain criticai components of the aircraft and are often
made necessary by certain unique characteristics of the design.
Other special inspection requirements arise from the need to
employ interim precautions until a known hardware problem has
been corrected. Neither of these kinds of inspections can be
dealt with effectively in a general study of inspection
systems. As mentioned earlier, moreover, numerous studies had
already been conducted in this area. The requirement to mini-
mize special inspections was therefore, more pointedly, a re-
quirement to avoid introducing new special inspections as part
of the recommended system.

Clock Hours Per Aircraft Type Per Cycle of Inspections. A tar-
get number of inspection clock hours per one-hundred-hour in-
spection cycle was established as an objective for each of five
basic helicopter types being covered in the study. A one-
hundred-hour cycle was used to permit equitable compariscas
between inspection systems involving different cycle times.
Maintenance crew size was viewed as the dominant factor in the
control of inspection tire, one which had to be balanced against
considerations of personnel efficiency. The targeted clock
hours of inspection per cycle per aircraft type were:

LOH 4
UH 20
AH 24
CH-Medium 40
CH-Heavy 28

It should be noted that this study did not address avionics
and weapon system inspection requirements. It was assumed that
inspection time for these items was not included within the
targeted clock hours indicated above.

3
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High Probability of Detecting Incipient Failure. The probabil-
ity of detecting an incipient failure is related to the failure
characteristic, the frequency at which the item is inspected,
and the manner in which it is inspected. Some items fail ran-
domly and suddenly, providing no opportunity for prior
detection. For others, symptoms of impending failure are
sporadic or inconclusive. And in yet other cases, the evidence
of failure and its symptoms are known, but presently available
inspection technology is not effective. The objective in the
present study was addressed to the scheduling problem, i.e.,
the selection of inspection intervals which would maximize the
probability of incipient failure detection for the various
conditions that might prevail.

Chronological and Systematic Inspection. The inspection systems
considered should not involve irregular inspection intervals,
gross var ‘ance in the amount of work performed at each inspec-
tion point, or other characteristics which would unduly compli-
cate the planning and scheduling functions. Overall design of
the system should promote inspection efficiency.

STUDY APPROACH

The desired system characteristics and program objectives dis-
cussed above established the basic scope and direction of the
study. Review of these goals indicated the broad analysis ap-
proach to be implied by the nature of the study itself. The
optimum inspection system is the one which provides the maxi-
mum effectiveness for the least cost. Comparative achievemant
of inspection system desired characteristics by candidate in-
spection schemes must then be described and measured in a cost-
effectiveness context.

Many indicators of effectiveness might be applied to an inspec-
tion system. Inspection is a maintenance technique which seeks
to enhance the reliability and safety of the aircraft while
simultaneously promoting mission readiness and maintenance
economy. Obviously, these goals are not always entirely
compatible. All of the effectiveness indicators for an in-
spection system are ultimately related, however, to the com-
parative frequency of preventive versus unscheduled repairs.
Preventive repairs are preferred because flight schedule dis-
ruptions are less frequent, secondary damage due to catastrophic
failure is minimized, and repairs are generally less costly.
Moreover, unscheduled repairs (failures) reduce mission

4



reliability and safety and are detrimental to operational
availebility. The important quantitative measures of an in-
spection system's effectiveness are, then, the levels of air-
craft reliability, safety, and readiness attained with the
system. Also significant are such qualitative characteristics
as the ability to plan and schedule inspections € ficiently
and the adaptability of the system to diverse operating
schedules, ervironmental conditions, and mission demands.
Intangible factors such as pilot confidence, while inherently
involved in the system's effectiveness, are intuitively dif-
ficult to assess.

On the cost side of the problem, many factors might be consid-
ered. It is reasonable to conclude, however, that relative
cost differences between competing inspection systems can be
adequately portrayed by the direct labor expenses involved.
Overhead and administrative expenses, facilities, and logistics
costs can be expected to vary, for the most part, in a direct
relationship to the labor demand. Moreover, a single, relative
measure of cost, such as direct labor, uncomplicates the com-
parisons between systems.

Apprcaching the problem called for a method of structuring and
scheduling various inspection concepts and measuring progress
toward desired characteristics against cost or man-hours. The
methodology used would have to provide realistic, quantitative
comparisons between candidate schemes and should be relatively
free of subjective judgement in the final selection process.
Not all of the objectives were amenable to quantification,
however, and these would have to be evaluated through engineer-
ing analysis.

The technical approach selected centered around developing and
applying an analytical computer model. Several advantages were
offered by the computer-assisted analysis that would not have
been present with a manual treatment of the study. Speed and
flexibility are the most important of these. Use of & computer
model allowed the analyst to specify different combinations of
items and inspection points quickly and to test many variations.
It also facilitated the many iterations needed to optimize in-
spection intervals and component mixes.

The data bank (master configuration file) on which the computer

model operates contains records representing the generic types
of components typical of current-day helicopters. Each record
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contains, in addition to the identity of the component, data
describing the typical failure, maintenance and inspection
characteristics for that component. The data bank was compiled
through an extensive analysis of relevant aircraft historical
records and technical data. Historical records analyzed in-
cluded U.S. Army data for the five basic rotary wing aircraft
types considered in the study and U.S. Navy data for aircraft
equivalent to those Army types. Navy records utilized for all
the helicopter types except the LOH were for Marine Corps air-
craft which were operated in an environment similar to that
of the Army.

The inspection analysis model structures a specified helicopter
configuration by selectively extracting records from the data
file in building-block fashion as each helicopter system is
analyzed. Companion data files, called the aircraft type con-
figuration files, define each of the helicopter configurations
in terms of the components and component quantities comprising
the various subsystems. As a given aircraft configuration is
processed by the computer model, the background data pertinent
to each component is retrieved from the master file using the
applicable aircraft type file as a directory. Other inputs to
the ccmputer model are helicopter utilization factors and data
which defines the inspection scheme, i.e., inspection cycles,
intervals, and compcnent mixes.

The model outputs provided the baseline data for evaluation of
the competing inspection schemes. The effectiveness indices
generated by the modeling were used to produce figures of merit
which, when combined with other engineering analyses, were used
to rank the various concepts.

Figure 1 is a flow chart which shows the progression of study
actions. After completion of planning, the analysis followed
parallel paths of data acquisition and analysis and computer
model development. After the data bank had been compiled and
the model programmed, an initial set of candidate inspection
concepts was developed. At this point, exercising of the com-
puter model could be effectively initiated. Logic debugging
runs were made and the workability of the model was established.
Baseline runs were then completed, and the model was finalized
through minor modification to produce better visitility in the
results. Analysis of results from additional runs which utilized
the finalized model allowed the development of a figure of merit
for concept comparison. In this development it became apparent

6
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that utilization of the figure of merit would most effectively
serve as a screening function to select those schemes with the
best promise, and that engineering judgement should then be ap-
plied in the final selection to assure consideration of all
factors including those difficult to quantify.

The most effective inspection concept was selected following an
iterative process of model application, results analysis, and
candidate inspection scheme development until the sensitivity
of the modeling to the input variables was explored and a full
spectrum of schemes was evaluated. After selection of the
recommended concept, further analyses were performed to refine
and develop the concept. The knowledge acquired as a result

of the inspection system modeling was integrated into a check-
list for technology reviews of future designs as they relate to
helicopter maintenance inspection.

INSPECTION MODEL DESCRIPTION

The computerized mathematical model developed in the study is
structured to provide . systematic method for evaluating the
effectiveness of alternate inspection concepts. The magnitude

of the aircraft inspection process in terms of the number of
components involved places practical constraints on the analy-
tical processes which could be applied in the model. Essentially,
the analysis must be sufficiently general to permit its applica-
tion to all the components encompassed by the inspection
procedure. The parameters required to perform the calculations
must also be readily extractable from existing inspection data.

The complete model uses the facility of the digital computer to
sequentially apply the basic analytical concept to the total
spectrum of components. The results of all these analyses are
then combined to provide a profile of the characteristics of
the inspection scheme. The profile can be presented in a
variety of ways to emphasize such key factors as maintenance
man-hours per flight-hour, aircraft availability, etc.

In the study a simple analytical method was developed which en-
ables the number of good, failing, and failed components in a
population to be computed as a function of the inspection inter-
val expressed in flight-hours. The computation uses component
parameters which can be extracted in a straightforward manner
from the available inspection data.



The model produces the profile of the characteristics of the
inspection concept on the basis of a data input which supplies
the component parameters, the component mix in the aircraft,
and a formal description of the inspection concept which
quantitatively defines inspection intervals. Mission profile
information contained within the model data bank provides the
capability of converting calendar time to flight hours when a
calendar inspection concept is to be evaluated.

Model Structure

The inspection analysis model, shown schematically in Figure 2,
is designed to perform several basic functions. It will define
each of the specified helicopter configurations in terms of the
types and quantities of components comprising its various
subsystems. This is accomplished by means of the aircraft con-
figuration files, which store all of the necessary component
background data required for the analysis. Other inputs to the
model include the data defining the inspection scheme, the air-
craft types, and inspection crew sizes to be evaluated.

The computer program combines the input parameters with the
component characteristics and performs a series of calculations
which yield expected values for preventive repairs, failures,

and maintenance man-hours for inspection and repair under the
inspection scheme. This process is continued until all compon-
ents comprising one helicopter configuration have been evaluated.
Next the expected values are processed to provide a summary of
selected indicators for the helicopter type under the inspection
scheme. Cycling through the model continues until all of the
helicopter configurations have been evaluated. At the conclusion
of the computer run, a matrix is generated which displays the
summary of expected value outputs shown in Figure 3. The figure
shows the data matrix printed out as the summary of results for
each computer run.

Comparison of results from different . omputer runs led to model
iterations with input parameters mod ‘ied to investigate the
impact of variations in significant areas. This iterative
process was followed until sufficient information was available
to allow selection of the optimum inspection concept.
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HELICOPTER TYPES

CH- CH-
BASIC OUTPUT CALCULATIONS LOH | AH | UH | MEDIUM | HEAVY

FLIGHT RELIABILITY
MISSION RELIABILITY
AVAILABILITY
NORM-SCHEDULED

NORM-UNSCHEDULED

MH/FH - FLT READINESS INSP
MH/FH - SCHEDULED - LOOK

MH/FH - SCHEDULED - FIX

MH/FH - UNSCHEDULED MAINTENANCE
MH/FH - TOTAL

UNSCHEDULED MTBM

Figure 3. Inspection Scheme Summary Matrix.

Aircraft Configuration Files

The model can process computer configurations for all of the
basic types of helicopters and also is easily expandable to
additional types if this should be desired in the future. This
is accomplished by the data bank structure incorporated into the
model. This consists of two types of aircraft cconfiguration
files: the master configuration file and the aircraft type
configuration file.

The master configuration file contains a data record for each
generic type of helicopter component which requires scheduled
inspection based on the composite analysis of all five types of
helicopters (LOH, UH, AH, CH-Medium, and CH-Heavy). In most
cases, study input data indicated that all components of a
certain type have similar basic failure behavior. Where there
was a marked difference, multiple entries for those components
were made in the file. Thus, failure data from all helicopter
types has been used to generate the typical component failure
data records for each generic type of component within the
master configuration file. '
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The aircraft type configuration files consist of one file for
each type of helicopter to be evaluated. Each file contains
the helicopter type and a list of those components in the
master configuration file which are included on that type of
helicopter. To evaluate an inspection scheme for a certain
type of aircraft, the model combines the correspcnding inspec-
tion input data and master configuration file records with all
components and quantities listed in the appropriate aircraft
configuration file, performs the necessary calculations, and
prints out the desired output data.

Program Input Data

The input data for the program consists of four groups, as
shown in the schematic of Figure 2. The first two groups com-
pletely describe the inspection scheme being evaluated. The
inspection scheme specification includes the identifying in-
spection scheme number, the flight-hour interval between
scheduled inspections, the total flight-hours in an inspection
cycle, and the types of flight readiness and scheduled inspec-
tions to be applied. The term '"flight readiness' refers to
preflight, postflight, or daily inspection or combinations of
these inspection types.

The master component inspection mix lists all components to be
inspected and whether or not each component is to be inspected
at preflight, postflight, or daily inspections. It also in-
cludes the number of the scheduled intervals at which the com-
ponent is to be inspected. This sets the scheduling concept to
be used for each component inspected within the inspection
scheme. With this program structure, several different schemes
or time intervals can be evaluated by changing only the inspec-
tion scheme specification input card.

The last two groups of input data include the aircraft type and
crew size specifications and the output option specification.
The first of these specifies the aircraft types to be evaluated
by the model and the inspection crew sizes to be applied at each
inspection within an inspection cycle. The inspection crew size
includes only those maintenance personnel actually employed in
inspecting the aircraft. The output option specification &allows
the user to specify the outputs of interest in the model run
being made.

12



Model Calculations

Figure 4 shows the mathematical calculation flow contained with-
in the model. Data transfers from aircraft data files and from
inspection concept specification inputs are indicated. The
terms A, Tog, and failure analysis model used in the figure are
defined and discussed under the subheading which follows (Model
Failure Theory). A complete description of the mathematical
formulations utilized in the model is provided in Appendix I.

Model calculation flow results in computation of four major
outputs: availability, total maintenance man-hours per flight-
hour, flight reliability, and mission reliability. These major
parameters are calculated as follows:

Availability

Availability as used in this study has been calculated based
on a desire for the aircraft to be available 24 hours/day and

7 days/week. There is one exception to this basic assumption.
It is assumed that the flight-readiness inspections (preflight,
postflight, or daily inspections) can be accomplizhed around
the required operational use of the aircraft,and thus the
elapsed time required for flight-readiness inspections has

not been included in downtime and availability calculations
within the model.

_ Downtime Hr/1000 Flt-Hr
Calendar Time Hr/1000 Flt-Hr

I

Availability

Downtime Hrs
Calendar Time Hrs

= 1-

where calendar time per 1000 hours is based on the average
utilization of the appropriate aircraft type.

It should be noted that the availability calculated will be
higher than that normally expected since no downtime due to
awaiting maintenance or supply time is included. Only down-
time due to inspection and repair actions is included in the
calculation.

Total Man-Hours Per Flight-Hour

Total man-hours per flight-hour as calculated within the
model is the summation of all maiutenance man-hours required

13
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for all inspections and for all scheduled and unscheduled
repair (fix) actions.

Note that this man-hour calculation does not include time
required for the day-to-day upkeep of the zircraft. Such
items as man-hours required for washing, cleaning, mooring,

ground handling, fueling, etc., are not included. 'Total"
man-hours calculated in the study then are lower than those
that should be expected operationally. Study evaluation in

this area is based upon comparative manpower required for in-
specticn and repair between the various inspection concepts
and not calculation of absolute operational manpower
requirements,

Flight and Mission Reliability

Flight and mission reliability calculations are based upon
failure history data for the percentages of failures causing
in-flight and mission aborts. Mission abort probability in-
cludes failure causing both preflight and in-flight aborts.
Preflight aborts are defined as those aborts caused by dis-
covery of the requirement for maintenance by the air crew
before takeoff and after ground maintenance personnel have
completed their inspection. Flight and mission reliability
are calculated using the following formulas:

Total In-Flt Aborts/10,000 Flt-Hr
Total Number of Flts per 10,000 Flt-Hr

Flt Reliability = 1 -

Total Mission Aborts/10,000 Flt-Hr

HisstongRe el Total Number of Flts per 10,000 Flt-Hr

The total number of flights per 10,000 flight-hours is depend-
ent upon the mission profile for each aircraft type.

Model Failure Theory

In order to realistically calculate the effects of variations in
inspection interval on the operational parameters of an aircraft,
it is necessary to model the relationship between component in-
spection interval and failure behavior. Two general failure
categories exist. Either a component wears out, with the proba-
bility of failure increasing with increasing hours of operation,
or random failures occur during the useful life of a component.

15
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FAILURE RATE

A single component can fit into both of these categories. Figure
5 shows a typical failure rate versus operating time curve for
such a component.

INFANT

FAILURE

PERIOD

[ 4 WEAROUT
RANDOM FAILURE PERIOD FAILURE PERIOD
1]
— —— OPERATING TIME —— — ————— —

Figure 5. Failure Rate Versus Operating Time.

As operating time is increased, after an initial infant fail-
ure period, failures of the random type are to be expected.
Then as the expected end of component life is approached, a
component wearout failure period is entered. Shifting the
time when inspection is scheduled, T}, creates an expected
component failure behavior characteristic fitting only one of
the general failure categories mentioned. Thus this type of
representation can then be used to fit a wide range of com-
ponent failure behavior.

Using present inspection techniques, these component failures
may occur without any detectable warning signs or progressively
such that the onset of failure is detectable prior to its
Scheduled inspections should place major concern
on components of this latter type since it is only these com-
ponents whose failure behavior is affected by inspections.

occurrence.

Field data available for this study was sufficient to allow
for the development of model and data bank considering both
the random and wearout failure properties of components.
Data necessary for analysis of the infant failure period was
not available; therefore, no distinction between these

and random failures was made.
whether or not present inspection methods typically detect
any impending component failures. The five basic assumptions
used in the model are as follows:

16
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1. Start of failure is random. All components are assumed
to have a random rate of entering a detectably deteri-
orated state, \.

2. Given that a component has entered the deteriorated
state, there is an average time interval, Tgyg, between
the time when the component is first detectably unaccept-
able and the time at which failure occurs (for sudden or
undetectable failures, TOS =0).

3. 1f a component is found in a detectably deteriorated
state during a scheduled inspection (flight-readiness
inspections not included), a preventive repair will be
made at that time.

4. A component is assumed not to be deteriorated at the time
of installation.

5. If a component failure occurs between inspections, the
component will be replaced at that time.

The key to understanding the failure behavior model is the Tgg
concept. Tog has been defined as the average time interval be-
tween the time when the component is first detectably unaccept-
able and the time at which failure occurs. Figure 6 illustrates
the relationship of Tos to an average detectable failure charac-
teristic for a sample component. Any single component of this
type may suffer from either a more abrupt failure or a longer
deterioration interval than is represented in this figure,
meaning that for a given component there is actually a deteri-
oration interval distribution around the average value of Tyg.
The model was developed for use in studying the general rela-
tionship of different inspection concepts to the operational
parameters of all Army helicopter types. Kesults were derived
through use of data for a listing of generic components present
in many or all of the five typical helicopter types under
evaluation., Generic component data used was, in most cases, a
composite of historical data for the many types. In this situa-
tion, incorporating Topg distributions would have had little
effect when comparing model outputs for .he different candidate
inspection schemes. Thus, the Tps average values used were
considered sufficient for the required model calculations.

Tos, as used in this study, reflects the ability of present in-
spection techniques to detect failure onset since the data base

17
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from which it is derived (see Appendix I) is recent maintenance
records., Calculation of Tgg from data is dependent upon break-

ing the historical failures up into "when found' classifications.

Tos for a component is directly related to the percentage of
past failures found during scheduled inspections and the cor-
responding time interval between inspections. If present in-
spection techniques in general are unable to detect the deteri-
oration of a component, the resultant impending failures found
and replaced during scheduled inspections will be near zero,
implying that Tgg = 0. If, however, present inspection tech-
niques have consistently found most impending failures during
scheduled inspections, a longer Tyg of tiie same order of magni-
tude as the time interval between inspections is implied. Thus,
Tos reflects not only the deterioration characteristics of a
component but also the effectiveness of present inspection
techniques.

The effect of component replacements leads to a random failure
distribution across time. The probability of a coaponent enter-
ing the detectably unacceptable state by a certain time can be

calculated using the basic exponential equations associated with

random failures modified to take into account the effects of
replacement and T,g (see Appendix I). If a component enters
the detectably unacceptable state at a time less than its Tgg
before the next scheduled inspection, it will result in an im-
pending failure being detected at that time. Thus, by calcu-
lating the probability of a component entering the detectably
unacceptable state within the time Tos before an inspection,
the probability of an impending failure being found during an
inspection has been calculated. The same basic equations have
been used to calculate the probability of a component failure
occurring between inspections (see Appendix I). Figure 7 il-
lustrates the relationship of Tgyg to scheduled inspection in-
tervals with three examples. The first example, Component X,
has been characterized by a T,g much smaller than the scheduled
inspection interval, which resuits in a small percentage of
component replacements occurring at inspection intervals. The
se~rond example, Compovient Y, illustrates the opposite extreme
for a Tog greater than the inspection interval, which results

in most replacements occurring at scheduled inspection intervals,

The third example, Component Z, indicates the result for an in-
termediate value of Tyog. A detailed description of the mathe-

matical modeling of component failur~» behavior and the calcula-
tion of the required model parameters is included in Appendix I.

19
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DATA BASE AND DATA DEVELOPMENT

In the description of the inspection analysis model earlier, it
was explained how the model operates on two basic data files:
the master configuration file and aircraft type configuration
file. The manner in which data was collected, processed, and
analyzed to develop these files is described next. Appendix II
lists documentation used in the study.

Aircraft Type Configuration File

The aircraft type configuration file is one of the two aircraft
data files used in the modeling. This file structures each of
the five helicnpter types in terms of the systems, components,
and component quantities present in each aircraft. Subsystems
and components listed within the file correspond via code to
components in the master configuration file. During model
operations, the aircraft type configuration file is used as an
index to select data from the master file for the roster of com-
ponents defined for each aircraft type.

Aircraft type files used in the study were developed through
engineering analyses and a field survey in which Army technicians
intimately familiar with the various helicopters assisted directly
in defining each configuration. All of the technicians inter-
viewed were career military personnel, and each had had long
experience with his respective aircraft type. Appendix III con-
tains the aircraft type configuration file.

Master Configuration File Derivation

The master configuration file (Appendix IV) is the data bank
upon which the inspection analysis model operates. It enables
the model to structure any one of the five helicopter configura-
tions from a single set of generic component types and supplies
the input data for the model exercises. The file is essentially
a master index of helicopter components grouped by major systems
and subsystems. The types of components included in the file
are those which have significance in terms of evaluating the
impact of alternative inspection schemes on various helicopter
subsystems.

Source data for use in creation of the master configuration file
was derived from the Army's RAMMIT system and from the Navy's
3-M data system. RAMMIT reports were supplied in printed form
and consisted of maintenance life histories, RTIADS and MIRFs.
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The 3-M data, covering Navy and Marine Corps helicopters com-

parable to the five Army models being studied, was supplied on
magnetic tape and consisted of the original flight, readiness,
and maintenance source records (card images).

The 3-M data was used primarily in creation of the master con-
figuration file because, being on magnetic tape, it could be
processed and put in a format which facilitated extraction and
mathematical treatment. RAMMIT reports were used as backup for
the 3-M, especially in areas where the 3-M data either was not
suitable for a given application or was inconclusive.

Navy 3-M System Data

The Navy's Maintenance Support Office at Mechanicsburg,
Pennsylvania, supplied eight reels of magnetic tape containing
maintenance, flight, and readiness activity for the H-1, H-46,
H-53 and H-57 series helicopters. The data covered a two-year
period ending June 1971 and included the following 3-M record

types:

Type 11 Maintenance Transacti n
Type 21 Maintenance Transaction
Type 31 Maintenance Transaction
Type 71 Readiness Transaction
Type 76 Flight Transaction

In order to provide a data base which approximated the Army's
operating environment as nearly as possible, Marine Corps equi-
valents to the Army helicopters being studied were selected for
processing. A Marine Corps counterpart was availablé for four
of the five types. For the OH-58, data derived from the Navy's
TH57A helicopter was substituted. Table II shows the selected
data base by record type and model.

3-M Data Processing

A computer program was developed to extract, format and process
the data. Figure 8 shows the overall 3-M data processing flow.
The initial operation involved creation of separate tape files

for each of the four basic helicopter types:

UH-1E, AH-1G, AH-1J
CH-46D
CH-53D
TH-57A

SwN
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Table I. Data Base* - Record Types By Model

Model Type 11 Type 21 Type 31 Type 71 Type 76
UH-1E 50,373 15,602 16,595 41,520 33,894

CH-46D 84,528 40,017 39,392 50,338 45,706
AH-1G 15,457 5,437 4,384 10,879 10,580

AH-1J 1,958 360 250 2,174 1,255
CH-53D 31,722 9,830 9,614 24,896 12,366
TH-57A 16,909 742 56 9,780 22,703

*Because the files supplied by the Navy lacked data for the last
quarter of fiscal year 1971, only fiscal year 1972 data was ul-
timately included in the final reports.

Simultaneously, the input records were reformatted to condense
the files and to speced sorting and processing efficiency.
Figure 9 shows the format of the 80-character, 3-M records as
received in the original tape files. Figure 10 shows the re-
vised 45-character format produced as a result of the initial
file extract runs. The program permits the creation of from
one to five output files from any number of the eight input
files. Any combination of helicopter model types can be placed
on each output file for a defined input time period.

Each model type file was sorted on record positions 5 through 15,
yielding a file sequence as follows:

1. Flight records (Type 76) by aircraft serial number

2. Maintenance and readiness records (Types 11, 21, 31 and 71)
by work unit code (maintenance records in malfunction code

sequence).

The sorted file was then fed to a tape-to-print run which pro-
duced reports from which data was derived for the master config-
uration file. The printed output was produced in three sections:

1. Flight data by aircraft serial number
2. R&M statistical summary
3. Record count by organization

24
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Another program option provided a tabulation of flight-hours by
aircraft serial number and month as required to estimate the
average monthly flight utilization for the various models.
Concurrently with printing of the R&M statistical summary, an
output tape was generated for input to a FORTRAN program which
calculated the deterioration start rate f(adjusted failure rate),
T,s hours, and flight abort probabilities for each work unit
code having reported failures during the period.

R&M Statistical Summary

The R&M statistical summary, a sample page from which is shown
in Figure 11, provided the historical data from which the master
configuration file was derived. In developing the format for
this report, major attention was given to facilitating the data
reduction task, i.e., the merging/averaging of data from several
model reports for input to the master configuration file.

The report is in work unit code sequence. Because code-to-
nomenclature files were not provided with the data supplied by
the Navy, the report does not include the item nomenclature,
although space for it was reserved. There is a two-line print-
ovt of data for each work unit code reported. Total lines are
supplied at the component level (for items with a 6th and 7th
digit WUC breakout) and at the subsystem, system, and all-systems
levels. An explanation of the data elements follows:

MTBF - The mean-time-between-failures for the work unit code.
This value is computed by dividing total flight-hours fer the
model by the number of failures reported (scheduled actions,
no-defect actions, cannibalization, etc., having been screened
out).

MIBR - The nean-time-between-replacements (for failure) for
the work unit code, obtained by dividing flight-hours by the
number of reported replacements due to failure.

FAIL KATE - The rate of failure per 10,000 flight-hours.

REPL RATE - The rate of replacements for failure per 10,000
flight-hours.

ORG MTBM - The mean-time-between-maintenance at the organiza-
tional level, obtained by dividing flight-hours by the total
number of maintenance actions reported at Level 1.
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INT MTBM - The mean-time-between-maintenance at the inter-
mediate level, obtained by dividing flight-hours by the total
number of maintenance actions at Level 2.

ORG MTTR - The mean-time-to-repair at the organizational
maintenaice level, obtained by dividing the total reported
elapsed maintenance time at Level 1 by the number of actions
reported.

INT MTTR - The mean-time-to-repair at the intermediate main-
tenance level, obtained by dividing the total reported elapsed
maintenance time at Level 2 by the number of actions reported.

ORG MH/MA - The average man-hours per maintenance action at
the organizational level, obtained by dividing the total re-
ported man-hours at Level 1 by the number of maintenance
actions reported.

INT MH/MA - The average man-hours per maintenance action at
the intermediate level, obtained by dividing the total re-
ported man-hours at Level 2 by the number of maintenance
actions reported.

ORG MH/FH - The maintenance man-hours per 10,000 flight-hours
at the intermediate level, obtained by dividing Level 2 man-
hours x 10% by flight-hours.

NORM RATE - The number of hours per 10,000 flight-hours that
the work unit code caused the aircraft not to be operationally
ready for maintenance.

NORS RATE -~ The number of hours per 10,000 flight-hours that
the work unit code caused the aircraft not to be operationally
ready for supply.

Four-High Failure Modes - The 3-M malfunction codes for the
four-high failure modes reported and their percentage of con-
tribution to total failures (in descending order).

When Discovered Distribution - The percentage of distribution
of failures by "when discovered" within eight groups:

Group 1 - Preflight (Abort)
Group 2 - Inflight (Abort)
Group 3 - Before Flight/Preflight Inspection
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-

Group 4 - Between Flights/Postflight or Daily Inspection

Group 5 - Intlight (No Abort)/Test Flight
Group 6 - Calendar Inspection

Group 7 - Other Inspection

Group 8 - All other

RCNT ERROR CAUSE - The percentage of total failures caused
by maintenance or operator error.

PRCNT ENVMT CAUSE - The percentage of total failures caused
by weather or environmental factors.

Although some of the data elements included in the R&M summary
did not have direct application to the master configuration file,
they were helpful in areas where engineering judgement was
needed to interpret or apply the data. At the conclusion of
the R&M summary, a tabulation of record types generated by each
activity reporting on that model aircraft was printed. This
information was of value in appraising the operating environ-
ments in which the historical data was compiled.

TOS and Abort Data Tape

Keying a program option provided for generating a Tos and abort
data tape concurrently with printing of the R&M statistical
summary., This tape was fed into a FORTRAN program for analysis
and creation of a record for each work unit code with a tabu-
lated failure history. Each input record contained the aircraft
model code, work unit code, MTBF, and failure distribution by
"when discovered" category. Each output record contained the
adjusted determination start rate, calculated Tyg, and mission
abort probabilities. A discussion of this analysis is contained
in Appendix I. Equations for T,g and abort rate calculations
are defined in Appendix I.

MCF Data Reduction

R&M statistical summaries, together with T,  and abort proba-
bility calculations, were produced for the UH-1E, AH-1G/J,
CH-46D, CH-53D and TH-57A helicopters.

At the outset of the data reduction task, cross-reference lists
were prepared to identify the specific work unit codes to be
used as source data for each generic component entry in the
master configuration file. Where data for a particular work

30



unit code was found to vary little from one aircraft model to
another, data was drawn from one helicopter model. Since the
MCF generic component types represent, in many cases, a general
class or group of similar components, it was often necessary to
combine data from multiple work unit codes. 1In cases where data
from one aircraft model to another varied appreciably, work
unit code sources from two or more helicopter models were used
(again involving multiple work unit codes from each for some
items). Data from several models was merged and averaged on a
weighting basis, using relative failure rates and component
quantities. In & few instances, the statistical characteristics
of components between aircraft varied too greatly to permit
merging of the data. When this situation was encountered, an-
other MCF entry was made to differentiate between the basically
unlike components. This is most evident in systems where com-
ponents labeled '"Heavy Helo' are introduced to separate them
from the same items on lighter model aircraft.

MCF File Structure

The master configuration file, loaded on magnetic disc for ac-
cessing by the computer model, is organized in component code
sequence. The file contains 17 major systems, 95 subsystems,
and 491 component level entries. Each record in the file is

126 characters long and contains the following elements of data:

Master Configuration File Record Format

Record

Position
Component Code 1-6
Filler /
Component Nomenclature 8-37
Type Component Code 38
Deterioration Start Rate (per 100,000 flight-hours) 39-42
Failure Mode No. 1 43-45
Mode 1 Percent of Total 46-48
Mode 1 Flight-Readiness Detection (Y/N)* 49
Mode 1 Scheduled Inspection Detection (Y/N)%* 50
Fajilure Mode No. 2 51-53
Mode 2 Percent of Total 54-56
Mode 2 Flight-Readiness Detection (Y/N)¥* 57
Mode 2 Scheduled Inspection Detection (Y/N)* 58
Failure Mode No. 3 59-61

*Not currently used. 31



Record

Position
Mode 3 Percent of Total 62-64
Mode 3 Flight-Readiness Detection (Y/N)* 65
Mode 3 Scheduled Inspection Detection (Y/N)* 66
Tog Hours 67-69
Abort Probability Without F.R. Inspection 70-72
Abort Probability With F.R. Inspection 73-75
Percent Aborts In-Flight 76-78
Flight-Readiness Inspection Candidate (Y/N)* 79
Flight-Readiness Inspection Method 1 80-81
Flight-Readiness Inspection Method 2 82-83
Flight-Readiness Inspection Time 84-87
Scheduled Inspection Method 1 88-89
Scheduled Inspection Method 2 90-91
Scheduled Inspection Method 3 92-93
Scheduled Inspection Method 4 94-95
Scheduled Inspection Method 5 96-97
Scheduled Inspection Method 6 98-99
Scheduled Inspection Method 7 100-101
Scheduled Inspection Time 102-105
Average Elapsed Repair Time 106-108
Average Repair Man-Hours 109-111
Flight-Readiness Inspection MOS 112-116
Scheduled Inspection MOS 117-121
Repair MOS 122-126

A sample printout from the MCF disc loading program is shown in
Figure 12. The system/component breakdown is the same as that
shown for the aircraft configuration files. The complete master
configuration file is presented in Appendix IV. Appendix V,
lists the codes utilized in the master configuration file
printouts.

Mission Profiles

A knowledge of the mission profiles of the five helicopter types
was required to supply certain elements of input data to the
model (utilization and flight duration) and also to aid occasion-
ally in the interpretation and extrapolation of data. Operating
and use factors describing the basic missions flown by each
helicopter type are shown in Table II.

*Not currently used.
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A comparison of the differences in operation of one helicopter
type to another is frequently helpful in this respect. Consider,
for example, the problem of extrapolating abort data on communi-
cations systems from one helicopter type to another. Knowing
differences in average mission length is an important factor.

A pilot would more likely abort a long mission in the event of
radio failure than he would a short mission. Or consider the
extrapolation of landing gear failure rate data from one heli-
copter to another. Here the average number of landings per
flight-hour may create the need for adjustments.,

The mission profile data was used thrcughout the study in con-
siderations such as these.

DEVELOPMENT OF THE INSPECTION CONCEPT

Structuring Inspection Schemes

Any inspection system for aircraft must include both the flight-
readiness and scheduled types of inspections, since each satis-
fies unique and important requirements. Flight-readiness checks
are required to verify the integrity of aircraft for safe flight.
Scheduled inspection are comprehensive examinations for general
aircraft condition necessary to preclude deterioration of sub-
systems beyond safe limits and also to minimize disruption of
aircraft operations for emergency repairs.

Structuring Flight-Readiness Inspections

The possibilities for innovation in this area were quite limited
since the basic alternatives available included only the pre-
flight, postflight or daily type of inspection (or some combina-
tion thereof). The only real flexibility in design of flight-
readiness inspections was in the composition of the inspection,
i.e., the mix of components designated for each inspection.

Flight-readiness checks were confined generally to examination
of those items which are critical to flight safety and/or mis-
sion accomplishment and which have more than a negligible proba-
bility of failure in flight. Failure mode was an important
determinant in the selection of the flight-readiness checklist
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as well. An item may, for example, have a significant proba-
bility of failing in a mode which does not endanger safe opera-
tion and a negligible probability of failure in a critical mode.
Insofar as mission accomplishment is concerned, the potential
mission degradation caused by the occurrence of failure was the
important consideration in designing flight-readiness checks.

Having decided upon the type(s) of flight-readiness inspections
to include in a given inspection concept, it was necessary to
specify the composition of each inspection. Guidelines for de-
ciding whether to include an item in a flight-readiness inspec-
tion were as follows:

1.

10.

Does the component have more than a negligible probability
of failure during flight?

Will failure of the component in any significantly occurr-
ing failure mode substantially degrade mission performance
or cause an abort?

Will failure of the component in any significantly occur-
ring failure mode threaten flight safety?

Is the failure characteristic such that evidence of de-
terioration precedes actual failure?

Can deterioration or the onset of failure be detected with
inspection techniques available to organizatioral level

* maintenance?

Is there access to the component for inspection without
removal of major structural panels and without disturbing

other components?

Can the inspection task be completed in a reasonably short
period of time?

Can the inspection be performed by organizational level
personnel?

Is the component located in proximity to other components
which will definitely be subject to inspection anyway?

Is it unlikely that inspection will damage the component
or make it more vulnerable to failure in future use?
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11. 1Is it unlikely that the grourd or flight crew would de-
tect deterioration or failure of the component in the
normal course of their duties even if no inspection were
performed?

Answering the majority of these questions in the affirmative,
especially the first three, indicated that the item was a can-
didate for flight-readiness inspection. Conversely, a nega-
tive response to most questions suggested that the component

be excluded from the flight-readiness category. Once a decision
had been made to schedule an item for inspection at the flight-
readiness level, it was necessary to determine which inspection
point (if more than one were included in the concept) was the
most appropriate. The following guidelines were used as an aid
in thlis decisiomn.

1. 1Is evidence of deterioration or failure greatest immedi-
ately prior to or after a flight, i.e., use of the
component?

2. 1Is the component likely to be damaged through ground
handling or other routine maintenance operations in
periods between flight activity, e.g., overnight?

3. 1Is it acceptable to cnnduct more than one flight between
inspections of the ccmponent?

4, Are access and inspection time within reasonable limits
for the inspection being considered?

5. Will crew confidence be enhanced by performing the check
at this inspection versus another?

Answering these questions helped to decide the most desirable
point for a flight-readiness inspection.

Structuring Scheduled Inspections

Regardless of the titles applied to the various inspections
comprising the system, it was recognized that all scheduled
inspections essentially are described by three parameters: (1)
the inspection cycle, (2) the number of inspections within the
cycle, and (3) the mix of components slated for each inspection
interval. Thus an intermediate, periodic inspection concept can
be defined as:
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Cycle 100 Hours
Inspections Within Cycle &4 (25-Hour Intervals)
Component Mix (X at 1,2,3) (X + Y at 4)

and a phased inspection scheme might be defined as:

Cycle 300 Hours
Inspections Within Cycle 6 (at 50-Hour Intervals)
Component Mix (X at 1,3,5) (X + Y at 2,4)

(X+Y+ Z at 6)

A calendar inspection system was accommodated by this concept
as well by equating the calendar cycle to a flight-hour cycle
on the basis of average aircraft utilization. 7The criteria
used to develop component mixes for the various scheduled in-
spection concepts tested will be described later.

Candidate Inspection Concept Development

Seven basic inspection concepts were specified for evaluation
by the Government. These were:

The daily, intermediate, periodic concept
The daily, periodic concept

The tailored inspection maintenance system
The phased periodic inspection system

The postflight, daily, periodic system

. The calendar concept

The flying-hour, calendar concept.

~NouvmPwLwN -

Although this listing seemed tc cover a broad range of options,
a comparative analysis of these seven inspection systems re-
vealed inherent similarities. Differences, in some cases, re-
lated more to the terminology used to describe the system than
to real variations in content. As discussed earlier, each of
the systems was definable in terms of inspection cycle, inter-
val, and mix for analysis by the analytical model. 1In addition
to the seven concepts prescribed for the study, a large number
of variations were modeled to cover the range of practical
alternatives.

Development of Component Inspection Mixes

Seven component inspection mixes were used to test the various
scheduled inspection schemes which were evaluated. Some of
these were subject to one or more revisions as a result of
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analyzing the model outputs. In addition, standard mixes werc
developed for the preflight, postflight and daily inspections
and were used without variation in all inspection schemes to
which they applied.

Each mix schedules the components in the master configuration
file for one or more of the inspection points in the inspection
scheme to which the mix will be applied. Rules used to slot
components into scheduled inspection intervals under basic in-
spection concepts were as follows:

Simple Periodic Scheme

1. All components inspected at each periodic inspection point.

Short-Interval Intermediate/Periodic Scheme

1. All components inspected at the periodic point.

2. Generally, components with Tog between 10 and 60 hours
and failure rates greater than 75/105 hours were selected
for inspection at the intermediate point.

Longer Interval Intermediate/Periodic Scheme

1. All components inspected at the periodic point.

2. Generally, components with Tgg between 10 and 150 hours
and failure rates greater than 150/10° hours were selected
for inspection at the intermediate point.

Phased Inspection Scheme

1. Components with near zero Tgg and comparatively low fail-
ure rates were designated for the longest interval
inspection.

2. Remaining components were divided into three groups based
on failure rates. The group with the highest failure
rate was designated for shortest interval inspection, the
second group for the next longest, etc.

3. All groups except the one having the shortest interval

were further subdivided and phased to make manpower re-
quirements fairly uniform at each inspection point.
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4. When subdividing in order to phase groups of components,
an effort was made to keep components within the same
system together.

Criteria used in developing the flight-readiness component in-
spection mixes were:

Preflight Inspection - Components scheduled for the preflight
inspection are those which:

1, Are critical to aircraft flight safety and/or

2. Are subject to damage between flights and

3. Whose deterioration or failure could be better discerned
before rather than after a flight.

Postflight Inspection - Components scheduled for the postflight
inspection are those which:

1. Are critical to flight safety and/or

2. Are potentially subject to substantial wear or deteriora-
tion during a flight and

3. Whose failure or deterioration could be better discerned
immediately after rather than just prior to a flight (as
in the case where loss of consumables is an important
indicator).

Daily Inspection - Components scheduled for the daily inspection
are those which:

1. Met the criteria for the preflight or postflight inspec-
tion or

2. Offered a good chance of reducing mission abort occurrences
(based on an analysis of failure rate and abort
probabilities).

The scheduled inspection and flight-readiness inspection mixes
are presented in Appendixes VI and VII. Coding shown in Appendix
VI indicates the intervals at which scheduled inspection will
occur, For example, code 0l 02 denotes a component that will be
inspected at every interval (1lst, 2nd, 3rd, ...) of any scheme
using the mix. Code 04 08 indicates inspection at every fourth
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interval. Code Ol 07 indicates inspection at the lst, 7th,
13th, ... interval, etc.

Inspection Concepts Considered

Table III is an index of the concepts developed and evaluated
in the study. The columns at left indicate the scheme number
used and the type of inspection concept. The interval and
cycle columns indicate time in hours in all cases except calen-
dar inspection,where times are listed in terms of days. Num-
bers in the mix column refer to component mixes by identifying
number. The methodology used to develop component mixes was
described in the previous paragraph. Appendix VI contains

the seven mixes developed during the study. A matrix
presentation of the selected mix is found in Appendix

IX. The '"Crew Requirements' columns list the number of person-_
nel assigned for the inspection. For intermediate/periodic
inspections two numbers are shown. The first number indicates
men assigned to the intermediate inspection and the second,
those assigned to the periodic inspection.

Model Application

Table III provides an index of all schemes rurn through the com-
puter after completion of model validation. Application of the
model followed an iterative process of scheme development, com-
puter run, and results analysis until enough schemes were evalu-
ated to allow a substantiative recommendation of the most ef-
fective systen.

Model runs during the validation period indicated negligible
impact upon the results from variations in type or depth of
flight readiness inspection. Selection of the type of flight
readiness inspection to be recommended is then an item which is
better determined through engineering judgement. All indexed
runs made utilized the daily inspection component mix defined

in Appendix VII as being representative of a responsible flight-
readiness inspection.

The 31 model runs listed covered interval time ranges up to 500
flight-hours and cycle time ranges up to 1270 flight-hours.
Seven individually derived component inspection mixes were in-
vestigated. All basic types of inspection schemes were con-
sidered utilizing these ranges of variables.
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Option C model outputs provide an overview of the complete re-
sults from modeling of each candidate scheme. A one-page sum-
mary of the key factors of the results is printed out. Copies
of Option C summary printouts for each of the 31 model runs are
provided in Appendix VIII.

Figure of Merit for Concept Selection

Analysis of results from initial model runs made after the model
was validated allowed the development of a figure of merit for
ranking the results from different inspection scheme inputs,
During this development, however, it became apparent that a
figure of merit which attempted to weight the many outputs from
the modeling into a single measure of effectiveness produced a
complex equation. Such equations proved difficult to interpret
and included a large number of weighting numbers which could
appear to be arbitrary. It was decided to develop a simplified
figure of merit which would effectively serve to select the
most promising schemes and tc use engineering judgement in the
final selection to assure consideration of all factors includ-
ing those difficult to quantify,.

The simplified figure of merit used to select those schemes to

be considered for further analysis was calculated from mission
reliability and availability results from the first level mod-
eling of candidate inspection schemes. Mission reliability is
an indicator of both safety and aircraft reliability, and availa-
bility is the traditional measure of aircraft '"up-time'. Thus
three major factors in evaluating an inspection scheme were
considered in the figure of merit.

Figure 13 is a typical plot of reliability and avaiiability
versus inspection period derived from modeling results. The
figure illustrates changes in availability and reliability for
utility type aircraft inspected by periodic inspection schemes
of varying interval length. For short inspection intervals,
the reliability of the aircraft is high but the availability is
low due to downtime for inspections. An increase in the length
of the inspection interval results in a rapid increase in avail-
ability until a knee in this curve is reached. For larger in-
tervals, very little availability is gained by further increas-
ing the period since most of the downtime is then based on
failures and unscheduled maintenance between inspections.

Model runs were made for inspection intervals below 50 hours,
but the outputs have not been plotted. In the range below 50
hours, the effect of failures caused by inspections themselves
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(inspection-induced failures) becomes more significant, tending
to make short intervals even less attractive than is shown by
the model outputs. (This effect is negligible for the range of
inspection intervals considered to be among the realistic
alternatives.)

The inspection scheme figure of merit for an individual aircraft
type was calculated using the equation below:
Aircraft Type Figure of Merit

_ 3 (Availability) + Mission Reliability
4

This equation is the result of analysis of baseline model runs,
such as those plotted in Figure 13. It was chosen to optimize
at the breakpoint in the availability curves. The equation does
not infer a weighting of availability as three times as important
as mission reliability since the most promising schemes will be
selected based upnn comparative figures of merit. Note that
over the flat part of the availability curve, differences be-
tween figures of merit will be influenced most heavily by mis-
sion reliability since deltas in figure of merit caused by
availability will be small (three times zero equals zero). In
the area of the curve where availability is rapidly increasing,
the figure of merit equation causes availability to override
mission reliability in importance. This relationship, then,
results in highest figures of merit for schemes with the highest
reliability and near-maximum availability.

The overall figure of merit for each scheme was calculated by
taking a weighted average of the aircraft type figures of merit.
Two sets of relative weights were used. The first was a weight-
ing factor based on the relative quantity of each aircraft type
in the inventory. The other was based on the relative numbers
of scheduled man-hours per inspection cycle for each aircraft.
These weighting factors and their combined weights are shown in
Table IV. 1In the table the two sets of relative weight for eaca
aircraft tyne are shown in the quantity weight and man-hour
weight columns. The combined weight colunn shows the results of
combining the two relative weighting factors. The combined
weight numbers are the result of multiplying the quantity and
man-hour weights for each aircraft type and nornalizing the re-
sults by dividing each product by the smallest of the five
quantity weight/man-hour weight products.
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TABLE 1V.

ATRCRAFT WEIGHTING FACTORS

Aircraft Quantity Man-Hour Combined
Type Weight* Weight** Weight
LOH 21 1 8.1
UH 56 1.3 28
AH 7 1.4 3.8
CH-Medium 6 2,15 5.8
CH-M)

CH-Heavy 1 276 1
(CH-H)

*These factors based upon present inventory.
r*Factors derived from 100 hour periodic inspection
baseline runs.

Thus, the overall figure of merit, FM, is given by:

8.1(FMI[LOH])+28 (FM [UH])+3 .8 (FM[AH]) +5.8(FM [CH-M]|)+FM ICH-H]

i) = 46.7

The selection of the recommended scherie makes use of the
figure of merit for screening the difrferent concepts. Addi-
tional engineering analysis then considers, for schemes with
highest figure of merit, other factors such as comparative
cost and uniformity of work distribution in the selection of
the most effective concept.

Inspection Concept Comparison Analyses

Computer modeling for each of the inspection schemes listed in
the inspection scheme index of Table III eombined with engineer-
ing analysis of critical contributing factors allowed the selec-
tion of the recommended inspection concept for Army helicopters.
The paragraphs which follow describe these figure-of-merit and
engineering analyses. The scheme recommended as the most ef-
fective inspection scheme applicable to Army helicopter systems
is selected, and this recommendation is supported.

Figure-of-Merit Screening Analysis of Results

The ideal inspection concept would have the following charac-
teristics:

47



High Mission Reliability

High Aircraft Availability

Low Maintenance Cost

Low Unscheduled Maintenance Frequency

Analysis of the model output data confirms that any chosen con-
cept must result fiom a direct tradeoff between these goals.

The previous paragraph described the calculation of a figure

of merit used to screen out the best inspection schemes. This
figure of merit emphasizes the schemes with the highest mission
reliability possible at near-maximum availability. Considera-
tion of cost (MH/FH), unscheduled maintenance frequency, and
other factors such as the ability to schedule maintenance and
avoid workload peaks is left for engineering evaluation of those
schemes showing highest figure of merit.

Table V provides a figure-of-merit summary of the basic inspec-
tion schemes evaluated. Aircraft type figures of merit for each
model and combined figures of merit are shown. The data indi-
cates consistent superiority of intermediate/periodic and phased
schemes over periodic type inspection. It is also apparent
that, whereas figure of merit decreases as interval time in-
creases for periodic inspections, for intermediate/periodic and
phased schemes there is first an increase and then a decrease
in merit. Highest figures of merit occur when the interval is
from 50 to 100 hours and the cycle is 200 hours or greater in
an intermediate/periodic or phased inspection. These data then
indicate that the recommended inspection scheme should have
components critical to flight safety and those with high fail-
ure rates inspected after 50 to 100 flight-hours, with the re-
maining components inspected at some point or points in time
over a 200-hour or greater cycle.

Figures 14 through 17, for the UH and CH-Medium, confirm that
for the small sacrifices in flight reliability to achieve the
breakpoint in availability inherent in the figure of merit (see
Figure 13), the other characteristics involved in the tradeoff
are also better served by increasing interval times to 50 to
100 hours and cycle times to 200 hours or beyond. The curves
alsy indicate that the major savings available in cost (total
MH/FH) are achieved through th¢se increases in interval and
cycle times while incurring bearable increases in unscheduled
maintenance requirements. Increasing interval times also
serves to lessen the impact of inspection-induced failures.
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Of the candidates evaluated, the most promising based upon the
screening analysis are schemes 9, 11, and 22, which display

the highest combined figures of merit (0.9437, 0.9424, and
0.9423, respectively). These schemes then are those to be con-
sidered for final selection as the reconmended concept.

Evaluation of Most Promising Concepts

The schemes remaining are of three different types: intermedi-
ate/periodic-hourly (9), intermediate/periodic-calendar (11)
and phased-hourly (2Z). Calendar and phased type inspections
are both outgrowths of the intermediate/periodic-hourly scheme,
but there are important advantages and disadvantages between
them.

A calendar inspection system offers a scheduling advantage over
systems based on flight-hour cycles. Under the calendar concept,
inspection schedules can be planned well in advance, avoiding
the queueing problems created by irregular aircraft use and air-
craft arriving at inspection points in comparatively random
fashion.

However, the calendar system suffers from irregular flight utili-
zation, causing aircraft with low use to be overinspected while
those with peak use are underinspected. Moreover, the benefits
of calendar scheduling can be maintained only if aircraft are
inducted into calendar checks when they are due regardless of
the calendar time expired since the aircraft completed its last
check. When delays (parts, major repairs, etc.) cause 2a air-
craft to remain in calendar check for prolonged periods, the
calendar time over which it is next available for use by the
operator is accordingly shortened. This situation inevitably
produces lower overall aircraft availability and consequently
higher operating costs (a characteristic of the calendar concept
which could not be numerically assessed by the model).

Although nearly all systems based on an hourly cycle can be
adapted to a calendar interval, the inherent disadvantages to
calendar scheduling require that each application be considered
individually, including such factors as the size of the operat-
ing unit, average utilization, flight priorities, inspection
turnaround time, etc.

Phased inspection concepts offer several inherent advantages
over the intermediate-periodic schemes. The most significant is
less severe disruptions to the aircraft operating schedule since
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the downtime at each inspection point is shorter than for a
periodic inspection. Each inspection point represents a
smalier, more manageable work package. Greater flexibility is
also offered in design of inspection checklists, which can be
made to cover selected areas of the helicopter at each interval.
The range of specialist skills, test equipment, etc., required
at any one inspection point can therefore be reduced, as can
the number of personnel-induced problems created by the inspec-
tion function. For a long phased cycle, components with high
reliability or long deterioration times can be stretched to
longer inspection intervals.

Figures 18, 19, and 20 are Model Option C output summary matrices
for the three most promising candidate schemes. Comparison of
the data from these charts indicates only slight differences in
flight and mission reliability and availability between the
schemes. For example, for the UH and CH-Medium, we have the
following indicators:

UH
Flight Mission
Scheme Reliability Reliability Availability
9 0.992 0.970 0.927
11 . 0.990 0.961 0.931
22 ‘ 0.989 0.958 0.936
CH-MEDTUM
Flight Mission
Scheme Reliability Reliability Availability
9 0.992 0.972 0.908
11 0.992 0.969 0.910
22 0.990 0.961 0.920

Review of these igures confirms the need for the final concept
selection to be based upon other factors.

A comparison of unscheduled maintenance man-hours per flight-
hour for the three schemes indicates a slight advantage to the
intermediate/periodic-hourly concept (scheme 9). For example,
in the case of the UH, 0.465 unscheduled MH/FH are required
compared to 0.620 MH/FH for the calendar concept (scheme 11)
and 0.687 for the phased insnection (scheme 22).
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This advantage is heavily outweighed, however, when a cost com-
parison is made between the schemes. As noted on page 5, total
maintenance man-hours per flight-hour was used as the measure
of cost. This excludes overhead, administrative, material and
other logistics costs, but these, for the most part, vary
directly with labor demand. Using direct labor as the single
measure of cost allows uncomplicated comparison of inspection
schemes.

In the cost comparisnn of the three schemes, inspection scheme
22 shows a clear aavantage over its competition. Costs are
consistently lower for all aircraft types. A summary for the
UH and CH-Medium aircraft is presented below:

UH CH-Medium

Scheme Total MH/FH Total MH/FH
9 2.074 4.210
11 1.843 4.027
22 1.768 3.659

These figures indicate cost savings of 4.2 percent for scheme
22 over scheme 1l in maintaining UH type aircraft and a 10 per-
cent saving advantage in maintaining the CH-Medium. When com-
paring schemes 22 and 9, scheme 22 appears to even greater ad-
vantage. For the UH and CH-Medium, savings of 17 percent and
15 percent, respectively, are indicated.

For clarity in considering relative cost, Figures 21 and 22 are
presented. The figures show data points of cost versus mission
reliability for UH and CH-Medium aircraft types for all basic
schemes evaluated in the study. The figures clearly indicate
the comparative disadvantage of the periodic inspection concepts
relative to other schemes. They also indicate the small sacri-
fice in mission reliability that is involved in achieving the
cost savings available from inspection scheme 22, the phased
inspection concept.

Recommended Inspection Concept

The 100-flight-hour interval, 800-flight-hour cycle phased in-
spection scheme is recommended as the most effective inspection
concept for the five basic helicopter types considered. This
selection is based on the analysis of modeling data and by the
qualitative advantages of phased inspection discussed in the
previous paragraph. Phased inspection also provides a smooth,
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manageable workload and effective usage of higher personnel
skill levels.

As noted in the discussion cf model application above, the
modeling indicated little difference from choice of flight-
readiness inspection type. 1In all model runs, a responsible
daily inspection was included as defined in Appendix VII.
Change from the present Army concept of daily inspections does
not seem warranted since it is the quality of the flight-
readiness inspection and the list of items to be inspected
whicli is of primary importance, not the inspection nomenclature
which is used. No change is therefore recommended from the
present practice of continuous daily inspection by the crew
chief assigned to each aircraft.

SELECTED INSPECTION CONCEPT REVIEW AND DEVELOPMENT

After selection of the 100-800 phased hourly inspection as the
recommended concept, further analyses were performed to refine
and develop the concept. These analyses examined the following
areas:

1. Inspection crew sizes for scheduled inspections

2. Comparison of the recommended concept with the Army heli-
copter inspection desired characteristics

3. Review and refinement in the phasing of the generic com-
ponent inspection scheduling for the selected concept

4, Preparation of an applicable checklist for technology
review of future aircraft designs.

The paragraphs which follow describe the work performed and the
results of these analyses.

Inspection Crew Sizes

Modeling run outputs utilized in the analyses which selected the
recommended concept considered the inspection crew sizes for
each of the typical aircraft to be a constant. This avoided
misconceptions in comparing figures of merit for different
schemes since crew size variation impacts availability without
affecting reliability in the modeling equations. Crew siza also
is of lesser importance than the other factors considered. Thus,
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all model run outputs used for calculating figures of merit
were based upon a standard crew size for all inspections as
shown below.

Aircraft Type Standard Crew Size
LOH 2
UH 3
AH 3
CH-Medium 4
CH-Heavy 4

As shown in Table III, model runs were made which investigated
the effect of inspection crew size variations on aircraft
availability. Results of model runs for the recommended in-
spection scheme are given in Table VI below.

TABLE VI. CREW SIZE AND AVAILABILITY FOR SCHEME 22

Inspection
A/C Type Crew Size Availability

LOH .941
.952
2955
2997,

.929
.936
<939
. 940

.934
. 940
.942

.916
.920
. 923
.924

.919
4923
.926
« J20

UH

AH

CH-Medium

CH-Heavy

AUV E W AT EFW LU WD PLWN
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For any given inspection period, the downtime is a function of
the amount of looking and the amount of fixing necessary. 1In-
creasing the inspection crew size can not decrease the downtime
below the amount of time needed to perform the necessary pre-
ventive repairs. Thus, as inspection crew size is increased,

a marginal increase in availability is achieved. Considering
this marginal contribution as shown in Table VI and the desired
clock hours of downtime per 100 flight-hours results in recom-
mendation of the inspection crew sizes tabulated below.

Inspection Average Inspection
A/C Type Crew Size Downtime (hr)
LOH 2 18
UH 4 23
AH 2 23
CH-Medium 3 29
CH-Heavy 3 32

Review of Army Helicopter Inspection Desired Characteristics

The Army's stated goals for helicopter inspection systems were

a factor throughout the analyses. 1In the paragraphs which fol-
low, each goal is discussed individually and, where study results
indicate a need, revisions to these desired characteristics are
recommended.

1. Same for All Aircraft - The concept recommended in the
study is a single inspection scheme recomnended as best
for all five typical helicopter types. The selection was
made using mathematical modeling and engineering judge-
ment which considered a '"composite'" helicopter configura-
tion file for the five types as the data base.

This approach, then, used this desired characteristic as
a base line and the results coincide with the charac-
teristic, Separate analyses for each typical aircraft
type might have indicated different schemes as best for
different types if mathematical modeling had been used as
the only criterion for selection. Engineering analysis,
however, was used as a supplement to the model in the
decision.

Review of modeling results by aircraft type and the study
engineering analyses indicates the phased inpsection to be
the best scheme for all five aircraft types.
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Accomplished Predominately by Crew Chief - Modeling dur-
ing the study considered the impact of varying scheduled
inspection crew size upon aircraft downtime. However, as
noted in the earlier discussion of crew sizes, minimum
crew size was considered to be of secondary importance in
selecting the most effective inspection concept compared
to safety, reliability, availability and cost. Study re-
sults indicate crew sizes of two or three men (dependent
upon aircraft type) to be required to achieve acceptable
aircraft availability and to achieve inspection clock
hours for aircraft type (item 4 below) which are in best
agreement with the desired characteristics in that area.
It should also be noted that these crew sizes greater than
one man are required even though inspection cycle times
longer than those presently defined are a major study
recommendation.

It is therefore recommended that thijs goal be changed to
designate crews of the following sizes:

LOH - 2
UH =2
AH - 2 ‘.’
CH-Medium - 3
CH-Heavy - 3

Minimum Special Inspections - The basic objectives of the
study involved aircraft scheduled inspections. This is a
category different from the requirement for special
inspection. Special inspections are generally geared to
srecific items which require a thorough examination after
being subjected to certain conditions or incident. As
such, these inspections are largely safety-of-flight
requirements,

The desired characteristic of minimum special inspections
can be achieved through better aircraft designs for in-
spection and through improved knowledge of how to inspect
the aircraft. Improvements in these areas will reduce
special inspection requirements since inspection crews
will inherently be better able to assess aircraft condi-
tion and make more thorough aircraft inspection. Future
study of aircraft design approaches for inspection should
consider aircraft subsystems most heavily involved in
special inspection.
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It should also be noted that requirements for special in-
spections can be reduced through improved design of com-
ponents for higher reliability. Knowledge of the degree
of overstress that the aircraft has been subjected to
would also tend to reduce special inspection requirements.

Clock Hours per A/C Type To Complete a Cycle of Inspec-
tions (per 100 Hours) - This is an item which can be cal-
culated and printed out in each run of the helicopter in-
spection model developed and used in this study. As
noted in item 2 above, it is dependent upon aircraft in-
spection crew size and therefore was reviewed in conjunc-
tion with evaluation of crew size variation. For the
recommended inspection scheme with the crew sizes recom-
mended in item 2 above, model runs indicate the following
clock hour requirements:

LOH - 16.5
UH - 23
AH - 23

CH-Medium - 29
CH-Heavy =~ 32

This compares with the Army's present desired character-
istics of:

LOH - 4
UH - 20
AH - 24
CH-Medium - 40
CH-Heavy - 28

Comparison of these lists indicates that modeling results
which are predicated upon existing hardware designs con-
firm the ability to achieve this desired characteristic
for all aircraft but LOH. It should be noted that the
model calculations for LOH could be somewhat higher than
they should be since the composite aircraft configuration
characteristics used in the modeling and the averaging
techniques used in determining them may indicate inspec-
t.on time requirements somewhat higher than necessary for
LOH. A better determination in this area might be made
through loading and running the model with configuration
files specifically for each aircraft type.
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From a review of the study modeling results and assuming
improvement in designs for inspection and inspection tech-
niques in future aircraft, engineering judgement indicates
the following as desirable goals for inspection clock
hours per 100 flight-hours:

LOH - 12
UH - 20
AH - 20
CH-Medium - 28
CH-Heavy - 28

It is recommended that the Army's goals be revised to re-
flect these numbers at this time. Note that these recom-
mended times do not consider avionic and weapon system
inspection requirements since these were not included in
the study.

Probability of Detecting Incipient Failures - 1.0 - One
hundred percent probability of detecting incipient fail-
ures is the ideal design goal for any inspection system.
In the foreseeable future, however, achieving this desired
characteristic is not within the state of the art. The
symptoms of impending failure in many components are un-
known, and inspections for those incipient failures which
do exhibit characteristic wear-out or failure signs are
not carried out consistently.

Further work is warranted in this area since higher detec-
tion probabilities than are presently reachable can be at-
tained both in presently operational and in the next gen-
eration of aircraft. 1In both areas, study of component
failure modes, the symptoms of the common failure modes,
and the best techniques for detecting these symptoms should
make available improvement in the inspection system.

Better knowledge of what symptoms to look for and the
techniques best applicable are direct inputs in achieving
higher probabilities of detecting incipient failures.

Systematized and Chronological in Nature - Efficient in-
spections in any case can be achieved only if they follow
systematized, chronological procedures. This requirement
is of greatest importance in the type of inspection con-
cept recommended as the result of this study. The phased
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inspection selected is by its very nature systematized
and chronological. It involves a long inspection cycle
with different areas of the aircraft scheduled at a
specific time (or times) within that cycle. Efficiency
and assurance that the aircraft is inspected properly are
highly dependent upon a systemized procedure. In future
aircraft, packaging of subsystem hardware to facilitate

a phased inspection is an important goal.

Selected Concept - Phased Inspection Schedule

As part of review and development of the inspection concept
recommended as most effective, the inspection mix for that
scheme as utilized in the modeling (Mix 7 of Appendix VI) was
analyzed. The phasing of scheduled inspections for each generic
component within the master configuration file was examined to
refine the workload at the inspection points. Minor modifica-
tions in scheduling were made to equalize the workload require-
ment across the cycle.

The results of the analysis are provided in Appendix IX, "Com-
ponent Mix for Recommended Inspection Concept'. Inspection
schedule is indicated by component for each 100-hour inspection
interval. Two complete 800-hour inspection cycles are shown to
fully define the recommended inspection points.

Technology Review Checklist for Helicopter Inspections

Design of aircraft has, until recently, seen the major emphasis
applied to such primary objectives as performance, weight and
cost. With the burgeoning costs of maintaining today's complex
airborne systems, much attention is now being focused on relia-
bility and maintainability as important design objectives. One
aspect of the maintainability problem has, heretofore, rececived
limited attention - that of aircraft scheduled inspections. As
a result, the downtime and man-hours devoted to this function
have risen sharply over the years.

In order for the designer to approach the problem of aircraft
inspections intelligently, it is apparent that some prior knowl-
edge of the inspection requirement is needed. Such information
as the anticipated inspection method and frequency, equipment
and facilities used, and personnel skills required can have a
significant impact or the design concept. Designing for inspec-
tion is obviously concerned with equipment arrangement, packag-
ing and installation, accessibility provisions, accommodations
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for inspection equipment, and built-in devices for facilitating
the inspection task. All of these factors have an important
bearing on the time and cost of inspection.

A checklist system was developed to aid the designer in this
area. Two checklists are used: a scheduling checklist and a
designer's checklist. The first of these provides a systematic
approach to scheduling components for inspection on the basis
of known or anticipated failure characteristics and inspection
methods, The second checklist guides the designer in such con-
siderations as accessibility, system arrangement, and the use
of integral inspection aids based on the decisions made in com-
pleting the scheduling checklist.

Appiication of the checklists is an iterative process. During
the design study phase, components are tentatively scheduled
for inspection on the basis of past history, engineering judge-
ment, etc. At this point it may not be possible to answer all
parts of the scheduling checklist, but sufficient information
should be provided to select the design approach. The designer's
checklist is then employed to guide design development along
the lines of the planned inspection concept. After the design
has been completed, it will often be necessary to return to the
scheduling checklist to make adjustments on the basis of new
knowledge or changes in the final design. This process could
be repeated several times depending on tl.e complexity of the
design, period of development, etc. The procedure ensures that
the development of inspection requirements parallels and influ-
ences design, rather than being left as an afterthought.

The two checklists are presented on the pages that follow.
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SCHEDULING CHECKLIST

PART I - FAILURE CHARACTERISTICS AND INSPECTION METHODS

A.

Anticipated Failure
Rate:

Prevalent Failure
Modes:

Time From Onset of
Deterioration to
Failure:

Inspection Methods:

(OJrow
[JMODERATE
[IHIGH

%
%
T
T

[JSUDDEN FAILURE
[JSHORT
[JMODERATE
[JLONG

CBITE

[JBIM

[(JSPECTROGRAPHIC OIL ANALYSIS
[CJOPERATIONAL VISUAL CHECK
[JOPERATIONAL AUDIO CHECK
[JOPERATIONAL VIBRATORY CHECK
[JOPERATIONAL TEMPERATURE CHECK
[JFUNCTIONAL CHECK

[JSTATIC VISUAL CHECK

[JMANUAL PLAY/CLEARANCE CHECK
[JPRECISION DIMENSIONAL CHECK
[JTORQUE CHECK

CJTENSION CHECK

[JSPRING RATE TEST

[CJVACUUM CHECK

[JPRESSURE TEST

[(JFLOW RATE CHECK

[JOPTICAL MAGNIFICATION INSP
[ODYE PENETRANT INSPECTION
[JMAGNETIC PARTICLE INSPECTION
[OX-RAY INSPECTION
[JELECT/AVIONIC CHECK (COMMON)
[JELECT/AVIONIC CHECK (SPECIAL)
(OTAP TEST

[JFRICTION CHECK

[JALIGNMENT CHECK

[JTIME CHECK
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PART I - FAILURE CHARACTERISTICS AND INSPECTICN METHODS (Con't)

E. Considerations:

1. Are the selected methods of [ClYyEs [INO
inspectio: consistent with
the predominant modes of
failure anticipated?

2. For each of the inspection [JYES []INO
methods, are the acceptance/
rejection criteria being
considered reasonable? (Don't
promote unnecessary rejections
with overly conservative
criteria.)

3. Will the failure frequency be Clyes [Ono
consistent enough to permit
inclusion of the component in
a mandatory retirement list,
thereby substituting arbitrary
replacement based on operating
hours in lieu of any inspection?

4. Would it be advantageous to JYES [INO
substitute a more thorough or
comprehensive inspection at a
longer interval in place of two or
or more less searching put short-
interval inspections?
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PART II - DETERMINING IF ITEM IS FLIGHT-READINESS CANDIDATE:

A. Is it likely that the component will CJyEs  []Jno
have more than a negligible probability
of failure during flight?

B. Is it probable that failure in any [JYES  []NO
significantly occurring mode will
substantially degrade mission per-
formance or cause an abort?

C. Will failure in any ri_nificantly [JYES  []NO
occurring mode threatcen flight
safety?

D. Is the anticipated failure character- CJyEs  [No

istic such that evidence of deteriora-
tion precedes actual failure?

E. Will it be possible for deterioration CJYES  {no
or the onset of failure to be detected
with inspection techniques available
to organizational level mainfenance?

F. Will the anticipated insp:ction task [CJYEs  [JnNo
be completed in a reasonably short
period of time?

G. Can the inspection be performed by [JYES  []NO
the crew chief?

H. Is it unlikely that inspection being CJyes  no
considered will damage the component
or make it more vulnerable to failure
in future use?

I. Is it unlikely that the ground or [JyEs  [dwno
flight crew would detect deterioration
or failure in the normal course of
their duties even if no inspection
were performed?

J. Will crew confidence be enhanced by [CIYES Clno

performing a flight-readiness
inspection?
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PART II - DETERMINING IF FLIGHT-READINESS CANDIDATE (Con't):

Answering the majority of the above questions in the affirm-
ative, especially the first tiree, indicates that the com-
ponent probably merits inclusion in a flight-readiness in-
spection. Once a decision has been made to schedule a
component for inspection at the flight-readiness level, it
is necessary to determine which inspection point (if more
than one are included in the concept) is the most appropriate.
The following checklist will be used as an aid in the
decision.
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PART III - DETERMING IF ITEM IS A PREFLIGHT OR POSTFLIGHT
CANDIDATE:

A. Will it be acceptable to conduct Oyes ([JnNo
more than one flight between

inspections of the component?

3, 1Is it anticipated that evidence [OJYES ([JNO
of deterioration or failure will
be greatest immediately prior to
a flight?

C. 1Is it anticipated that evidence (OYES [ONo
of deterioration or failure will
be greatest immediately after a
flight?

D. 1Is the component likely to be Oves [ONo
damaged through ground handling
or other routine maintenance
operations in periods between
flight activity.

Answering question (A) in the affirmative eliminates the compon-
ent as a candidate for either preflight or postflight inspcection,
and the component should be included only in the dailv scheduie.
Conversely, a negative response to question (A) qualifies the item
for pre- or postflight inspection. The answers to the remaining
three questions will aid in determining which one to select.

All components will be subjected to a scheduled inspection at
least once during the inspection cycle. Some shall be inspected
more often. The following checklist is provided to aid in de-
termining the inspection frequency.
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PART IV - SELECTING SCHEDULED INSPECTION INTERVAL:

A. What failure rate [JHIGH [JMODERATE [JLoOW
is anticipated?

B. The time from onset [JSHORT [JMODERATE [JLONG
of deterioration to
failure is expected
to be:

C. How often will failure [JJALMOST [JSOMETIMES [JALMOST
or onset of deteriora- NEVER ALWAYS
tion be detected by
ground or flight crew
during normal duties?

D. Will undetected failure [JYES [CISoMETIMES []NO
sjignificantiy affect
flight safety or misson

reliability?
£. Will failure cause [JALMOST [_JSOMETIMES [JALMOST
secondary damage ALWAYS NEVER

which will be more
costly in terms of
material or maintenance
time?
F. The time required to [JSHORT [JMODERATE [JLONG
inspect this component
waill be:

G. The anticipated skill [CLow [ JMODERATE [JHIGH
required of the in-
specting personnel is:

H. The equipment/facilities[ ]JSIMPLE [_IMODERATELY [JCOMPLEX
required to accomplish COMPLEX
the inspection being
considered are:

The blocks provided for entering check marks in reply to the

above questions form three columns. If, after answering all
questions, column one contains the most checks, the component
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PART IV - SELECTING SCHEDULED INSPECTION INTERVAL (Con't):

is a likely candidate for the shortest inspection interval
within the inspection cycle. The decision must be influenced,
however, by the knowledge that the questions are listed in de-
scending order of importance. In cases where most checks ap-
pear in the third column, the longest inspection interval pro-
vided by the inspection scheme is probably desirable. The
majority of checks in the second column indicates that an inter-
mediate interval should be considered.

After all components are grouped with respect to optimum inspec-
tion interval, each group, except the shortest interval group,
should then be divided and phased to produce uniform manpower
and equipment use requirements at every inspection. The con-
siderations listed in Part V of this checklist should be made
during the process of phasing (after design is completed and

all scheduling decisions have been made).
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PART V_- DIVIDING AND PHASING THE INTERVAL GROUPS (AFTER
DESIGN AND SCHEDULING IS COMPLETE.):

A. As phased, are the manpower requirements CJYEs [JnNo
uniform at each inspection point within
the inspecticn cycle?

B. Has adequate consideration been given Oyes []NoO
to phasing components as a function of
their location within the helicopter?

C. Have components which require the same [OYES [JNO
type of inspection been grouped to-
gether so that personnel with special
skills are required at the minimum
number of inspection points within the
cycle?

D. Have components been grouped so that [(JYES [JNO
all those requiring special inspec-
tion equipment are scheduled for the
same inspection point insofar as is
possible?
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DESIGNER'S CHECKLIST

PART I - SCOPE OF INSPECTION:

A. It is anticipated that the [CINONE [CJPREFLIGHT
component will be subjected [JDAILY [(JPOSTFLIGHT
to the follcwing flight-
readiness inspections:

B. The anticipated scheduled {_JSHORT [CJLONG
inspection interval is: [CIMODERATE

C. The anticipated methods of [JBITE
scheduled inspection are: [IBIM
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[JSPECTROGRAPHIC OIL ANALYSIS
_JOPERATIONAL VISUAL CHECK
[JOPERATIONAL AUDIO CHECK
[JOPFRATIONAL VIBRATORY CHECK
[ JOPERATIONAL TEMP CHECK
[JFUNCTIONAL CHECK

[JSTATIC VISUAL CHECK
[IMANUAL PLAY/CLEARANCE CHECK
[CJPRECISION DIMENSIONAL CHECK
[JTORQUE CHECE

[JTENSION CHECK

[CISPRING RATE TEST

[CIVACUUM CHECK

[JPRESSURE TEST

[JFLOW RATE CHECK

[JOPTICAL MAGNIFICATION INSP
[CIDYE PENETRANT INSPECTION
[CJMAGNETIC PARTICLE INSP
[1X-RAY INSPECTION

[ JELEC/AVIONIC CHECK (COMMON)
[JELEC/AVIONIC CHECK (SPECIAL)
CITAP TEST

[JFRICTION CHEC

[CJALIGNMENT CHLCK

[JTIME CHECK



PART I1 - DESIGN CONSIDERATIONS:

A.

Will the component be accessible
for inspection without removal of
major structural panels and with-
out disturbing other components?

Can incorporation of an integral
but simple inspection aid signif-
icantly improve inspection con-
fidence or reduce inspection time?

If the anticipated method of in-
spection requires attachment of
inspection devices to the compon-
ent, have adequate provisions for
this been incorporated in the
component or its system?

Have adequate clearances been
provided for hands, hand tools,
etc.,,during the process of secur-
ing inspection devices to the
component?

Have inspection device attachment
provisions been designed for
rapid and easy use without neces-
sitating subsequent servicing or
adjustment of component or system?

Has adequate consideration been

glven to locating the component in

proximity to others that will use
the same inspection devices?

Insofar as is possible, is the

component located or oriented in a
manner that will permit inspecting

personnel to assume a comfortable
position during the inspection
process”?
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[CIYES {INO
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[JYES [JNo



M i e

PART II - DESIGN CONSIDERATIONS (Con't)

H. Has adequate consideration been [JvEs [JNo
given to locating the component
in proximity to others that will
have the same inspection interval
(time between inspection)?

I. Have precautions been taken in [JYES [ONO
design of the component to re-
duce the possibility of main-
tenance/inspection-induced failures?
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LIMITATIONS TO THE ANALYSIS

The data bank available during the study and the level of man-
power which could be employed was sufficient to reach substan-
tive conclusions and accomplish all of the study objectives.
There are, however, areas within the analysis which could have
been given more intensive scrutiny had additional data and time
been available.

The impact of inspection/repair-induced failures and the higher
failure rate of newly installed components was not considered
in the modeling due to absence of data differentiating these
from other failures. For the long inspection intervals con-
sidered, which are clearly advantageous, the effect on the
analysis of averaging this type of failure in with the normal
type failures was minor. Consideration of these factors would
have affected the shape of the curves of Figure 13 only for in-
tervals less than those plotted and thuc would not have changed
the concept selection. However, the importance of knowledge of
the true impact of this problem upon the maintenance system
should not be negated, and a study of larger scope would cer-
tainly deepen the analysis in this area.

In the area of failure onset phenomenon (Tyg), average values
were utilized in the modeling instead of a distribution around
that average. This factor would not change the study result
due to the long operating times considered and the fact that
comparative results between different inspection concepts were
the basis for the selection. But the ability to detect

the onset of failure is a major reason for scheduling
inspection, and study of failure onset phenomena deserves more
substantial treatment than could be given here. Analysis of Tyg
distributions would be of importance in modeling to determine
the optimum component inspection mix for a specific existing
aircraft. In that case, failure history records at the work
unit code level would allow calculation of Tgg distribution at
the component level. Including these distributions in the
modeling would help determine the inspection schedule which
would achieve maximum availability and reliability.

In addition, it should be noted that the helicopter inspection
model developed as part of the study effort is a powerful tool
which provides results beyond those required to complete the
study tasks. Appendix X provides model option A and B outputs
for the recommended inspection scheme as an example of this
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capability. Note that rates of significant events related to
inspection and maintenance are printed out on a component, sub-
system, and system basis and that scheduled inspection and
repair man-hour summaries are provided by MOS. Deeper analysis
of data of this type which was beyond the allotted study re-
sources could provide valuable information related to problem
areas in reliability, maintainability and scheduled inspection.
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CONCLUSIONS

The following pertinent conclusions may be drawn from the
analyses and results of the study:

1.

Proper scheduling of individual component inspections
based upon failure and failure detection historical data
will allow present inspection interval and cycle times

to be increased. This will provide increased mainte-
nance efficiency and maintenance cost savings with little
reduction in mission reliability.

If one standard preventive maintenance inspection scheme
is to be applied to all Army helicopter types regardless
of unit size, assigned mission, or geographical location,
phased inspection with 100-hour interval and &00-hour
cycle times is the most effective inspection system.
Scheduling of component inspections for each aircraft
type within that system should be determined through
analysis of individual component inspection requirements.

The failure onset (Tos) theory developed in this study
is a viable concept for comparison of the effectiveness
of inspection schemes.

Modification of Army helicopter inspection desired
characteristics is indicated by the analysis results.

Imposing design for inspection guidelines as part of the
design requirement for future aircraft can result in im-
provement in the inspection function and in the mainte-
nance system.
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RECOMMENDATIONS

It is recommended that:

1.

A fieid test of the inspection scheme selected in this
study be conducted cn an existing helicopter type in an
Army unit or units by regular Army personnel in the
normal operational environment as a first step in imple-
menting the selected inspection concept. Prior to this,
an investigation of the specific components of the se-
lected aircraft type should be made relative to checklist
scheduling with emphasis on flight safety items and Tgg
(failure onset detectability) to optimize expected air-
craft availability and mission reliability. A checklist
based upon this investigation should be used in the field
test.

The inspection scheme to be used on future aircraft be
imposed as part of the design requirements, and that air-
craft designers be required to substantiate their ability
to comply.

A requirement for completion of a design for inspection
checklist at the component level be imposed upon the
aircraft designer, and the list be kept current
throughout the design phase.

Future study related to aircraft inspection be considered
in the following areas:

a. Establishing symptoms for actual component failure
modes and improved inspection techniques for detec-
ting these symptoms.

b. Investigation of design approaches for improved
helicopter inspection.

¢. Further investigations and refinement of the failure
onset theory developed in this study.

d. Further application of the mathematical model de-
veloped in this study to make full use of its capa-
bility to define and analyze problems at the com-
ponent level.
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APPENDIX I
INSPECTION MODELING TECHNIQUE DESCRIPTION

The inspection analysis model performs two basic levels of com-
putational operations. The first level integrates the inspection
parameters and utilization factors with the configuration data
bank and calculates expected values for failures, preventive
repairs, maintenance man-hours, and aborts for each component
over each individual scheduled inspection interval. The second
level of computations operates on these values and calculates
the figure of merit for each inspection scheme. Higher figure
of merit is the indicator of advantage of one scheme over
another. Figure of merit is discussed in the report section de-
scribing the development of the inspection concept.

This Appendix describes the theory, assumptions, and co.putations
of the first level of model operations.

MODEL THEORY AND ASSUMPTIONS

In order to evaluate the impact of variations in inspection in-
terval on component failure, it is necessary to make a number of
assumptions. To be able to calculate the effect of changing in-
terval tines, it is essential that the failure data be available
in quantitative form. However, field data available for this
program is somewhat unreliable and in insufficient detail to al-
low rigorous analysis of failure behavior. It therefore becomes
necessary to make a number of simplifying assumptions in order
to construct a model which approximates actual behavior.

The following general failure categories exist in practice.

1. Components will wear out with the probability of failure
increasing with increasing hours of operation. Any com-
ponent can fail in two ways: either the failure is sudden
with no prior detectable indications that it is about to
occur,or the failure is progressive in such a way that the
onset of failure is detectable prior to its occurrence.

Inspection procedures can do nothing to minimize wearout
failure which occurs without detectable signs of impending
failure. The proper course of action in such cases is to
either redesign for longer life or schedule preventative
replacement before the probability of failure has exceeded
acceptable limits.
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On the other hand, inspection procedures can eliminate
failures if the onsc¢t of failure is detectable at the
time of inspection.

Random failures occur during the useful life of a compon-
ent, and they can be simply described in terms of a con-
stant failure rate which is the reciprocal of the mean
time between failures.

Here again these failures may occur suddenly without any
detectable warning signs, or they may be characterized by
a wearout behavior which enables the presence of impend-
ing failure to be dete.” .d at the time of inspection.

Inspection will do nothing to prevent sudden random fail-
ures where the onscc is undetectable by present inspection
techniques; if these failures are critical, redesign

or design modification is the only solution.

This study is based upon the four basic assumptions pertaining
to component failures which are listed below:

1.

Start of failure is random. All components are assumed
to have a random rate of entering a detectably deterio-
rated state, A.

Given that a component has entered the detericrated state,
there is an average time interval, Tog, between the time
when the impending failure is first detectable and the
time at which failure occurs (for sudden or undetectable
failures Tos = 0).

If a component is found in a detectably deteriorated state
during a scheduled inspection (flight-readiness inspec-
tions not included), a preventive repair will be made at
that time.

If a component failure occurs between inspections, the
component will be replaced at that time.

The basic model inputs for each component consist of the random
rate of entering the detectably deteriorated state, A, and the
average time interval, Tog, between the time when the onset of
failure is first detectable and the time at which failure cccurs.
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For random failures with undetectable onset of failure, the
probability of a component failure, QF(t), in the time interval
t is given by

- At
QF(t) =1-e (1)

In the case of random failures where the onset of failure is
detectable, the probability of a component entering the deter-
icrated state, QD(t), in the time interval t is given by

Q) =1 -e (2)
where QF(t) is assumed to be
QF(t) = QD (t - Tos) for t > TOS (3)

Thus, given N components undergoing random failure with the

onset of failure being detectable, the total number of com-

ponents, D(t), having entered the deteriorated state at time
t is given by

A& )

D(t) = N (1 - e
Similarly, the total number of components, F(t), having failed
at ‘ime t is given by

Fe) =N (1-e " (€7 Togd) for e > 1 (5)

This mathematical representation must be modified for use in
the helicopter inspection analysis model because the equations
above represent the probabilities for the continual deteriora-
tion and failure of one set of N components. For helicopter
maintenance procedures, however, it has been assumed that
failure of a component between inspection times results in
the replacement of that component with a component exhibiting
no detectable onset of failure. This changes the number of
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good components available for deterioration and failure and
leads to the mathematical analysis described below.

The assumption has been made that a component fails at an
average time T  after the onset of failure has become
detectable. If°has also been assumed that any components
with the onset of failure detectable at the time of inspec-
tion are replaced with good components at that time. The
meaning of the functions used in this analysis are defined
below.

G(t) The number of components that are good at any time t.

D(t) The total number of components which have entered
the detectably deteriorated state by the time /.

F(t) The total number of components which have failed
by the time t.

DR(t) The rate at which the components are entering the
detectably deteriorated state at time t.

FR(t) The rate at which the components are failing at
time t.

Ail components are assumed to be good at time t = 0, and N
is the number of components of the type being considered.

For the case of those failures where the failure onset is
detectable at the time of inspection, the computation of
failure probability has been modified to account for the high
probability that failure will occur immediately after inspec-
tion. If there is no detectable deterioration of the compon-
ent at time t = 0, then the probability of its failing is as-
sumed to be zero for the time interval T  after a scheduled
inspection. The following equations can’therefore be defined.

For 0O < t<T ,
= " = “os

G(t) = Ne Mt (6)

D(t) “Aty 7)

N (1 --e
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At

DR(t) = Nae (8)
F(t) = 0 (9)
FR(t) = 0 (10)

Taking the derivative of equation (7) with respect to t gives

40€E) - pr(t) = Mre ™ for O<E<T (11)

From the assumptions made of failure times, the failure rate
function, FR(t), is equal to the deterioration rate function
at the time (t - Tos).

Thus for T _ <t <2T |,
os =""os

e-x(t -T )

FR(t) = N oS (12)

These functions as defined within the given time limits are
shown below.

GOOD COMPONENTS AT TIME +:G() = Ne ™™ |, | < ¢
FAILURE ONSET RATE DR(1) = Nxe M = xG() os
NA, N
: : A{t=-T ) for T <t < 21
: FAILURE RATE FR{(t) = Nie os os os
| |
=
| |
| |
| !
T 27 =
411 o8 t

If a part fails, it is replaced by a good component. Therefore,
over all values of time t,

G(t) = N - D(t) + F(¢t) (13)
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where N = total number of components under study (all good
at t = 0).

Equation (13) can be stated in words as the number of good
components at any time t is equal to the initial number of
good components minus all components which have started to
deteriorate plus all components which have completed deteri-
oration, failed, and have been replaced with good components.
D(t) and F(t) can also be defined for all values of time by
the following equations:

t
D(t) =j DR(t) dt (14)
(o}
t
F(t) =[ FR(t) dt (15)
[o}
or for t > T ,
- O0S
t=-T
F(t) =j %% pR(t) dt (16)
(e}

b4

Thus, combining Equations (13), (14), and (6) for t > TOS

t t-T
G(t) = N -[ DR(t) dt +] ©% DR(t) dt
0 [o]
or
t
G(t) = N [ DR(t) dt (17)
- rI‘OS

The characteristics of a random distribution help to further
define DR(t). At any time t, the probability of a component's
starting to fail is directly proportional to both the number
of good components available to start failing and the rate of
entering the detectably deteriorated state. Thus,

DR(t) = AG(t) (18)
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A simple example helps to illustrate this relationship. For
the case of no replacements when failures occur equations (6)
and (8) apply.

G(t) = N e Mt

DR(t) = Nae '*

or
DR(t) = AG(t)

Thus, equations (17) and (18) lead to the integral equation
for G(t) for t > Tos:

t
G(t) = N -[ AG(t) dt (19)

=i
os

A sumnary of the resultant equations is given below:

For 0<t<T _,

- oS
G(t) = Ne M
D(t) = N (1 - e %)
F(t) = 0
For t > Tos’

t
G(t) = N -f \G(t) dt

t-T
os

D(t) AG(t) dt (20)

0s

F(t) AG(t) dt (21)

f
aznt-T

where the preventive repairs at time t are given by the
equation below.
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et

PR(t) = N - G(t) or PR(t) = D(t) - F(t) (22)

In order to use the equations for t > T g in a computerized
model, it is desirable to have an analyt?cal solution to these
equations. Solving equation (19) for G(t) for Tos'E t S_ZTOS,

=Aa(t =T )
G(E) =N (A(t - T ) e B8 A e C (23)

For t:>2To§ G(t) may be approximated by a constant value, KSS.

An analytic solution for the function
t

G(t) = N -g[ \G(t) dt (24)
-T

oS

may be obtained for a range of time, t, such that nT < t
<(n+ 1) T for n > 1. However, for the time peridd cor-
responding 23 any given n, the function G(t) is dependent
upon its behavior during the time interval corresponding to
(n - 1), where

G(t) = Ne->‘t forn=0

The general solution to equation (24) is

k g (h TOS) =AT
8(®) > [T and e (25)
h=0
where T = t - kTos
9o | 97 | g, (1) | 9, ()
g © =N N r
l ~
0 Tus 2fos 3fos (k-]) T : (K+1) Tos
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For k = 0, 1, and 2, the above expression gives

s -t
g8,(t) = g_1(0) e ©=Ne (26)
-7\11 -7\1'1
gl(t) = go(Tos) e + erle (27)
=AT -A7 2 2 =7
- 2 20 EDE 2
gz(t) = gl(ZTOS) e + go(T)Ar2 e t5- 7 e
(28)
The function may be approximated by
- N
G(t) = KSS =17 ATos for t > 2Tos (29)

Figure 23 is a plot of two sample cases of G(t) given to help
develop an understanding of the function G(t). One is an
extreme case where the MIBF is equal to Tos and the other is
a more realistic case for T equal to 10% of the MIBF. Note
that as t » « ,the function G?T?) approaches a steady state as
previously stated.

The following equations which are used for failure analysis
within the model are obtained by combining equations (20),
(21), (22), (23), and (29) and integrating equations (20)
and (21).
For 0<t<T ,

- " = Tos

At

PR(E) = N (1 - &%) (30)
F(t) =0 (31)
For Tos<t < ZTOS,
-Ax(t =T ) N
PR(E) = N (1 -A(t - T )e 08" _ 72ty (32)
At = T_)
F(t) =N (1 - e ) (33)
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Sample G(t) Cases.

Figure 23.
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For 2T <t < 3T |,
os = "o

S
PR(t) = N - KSS (34)
- A(t = 2T ) =A(t-T )
F(£) = N2 + (= A(t = 2T_) -1)e os’_, 0s”)
(35)

For t > 3T ,
oS

PR(t) = N - Kss (36)
- AT - A2T
F(£) = N2 + (- A(T_) -1) e °S _e 08y
+ K (t - 3Tos) (37)

Thus, the expected number of component failures between in-
spection intervals or the expected number of component replace-
ments at inspection intervals can be calculated if A, Tos, and
the inspection time interval t are known. Available historical
data on many typical components is such that the percentage of
failures that were found during scheduled inspections as well
as the number of failures per a given time can be determined.
Knowing the inspection time interval, t, and the number of
components covered by the historical data, the number of com-
ponents replaced per scheduled inspection can be calculated.

By estimating the model input data (A and Topg) for a component
and running it through the appropriate part of the model, an
iterative routine can be established to calculate the compo-
nent variables X and Tog for the master configuration file

data bank. Once these values ( A and Tgg) for a component

have been set, they are used with the mathematical technique
described by equations (30) to (37) for evaluating failure
characteristics at different inspection intervals,

MODEL COMPUTATIONS

The model will compute data on failures and detectable failure
onset in accordance with the inspection intervals used in the
concept being analyzed. Cummaries of the repair rates and main-
tenance man-hour rates are then computed and printed out. The
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array of values generated by the model expresses the levels of
reliability and maintenance demand which may be expected under
the inspection scheme. The summary listing serves as an infor-
mation record, supporting the figures of merit generated for the
inspection scheme in the second-level modeling. The basic out-
put calculations to be used to obtain the model output data and
the reasoning behind their structural development are given in
subsequent paragraphs. Many of the calculations are given in
terms of or are related to the parameters listed below with their
corresponding characters.

i Component
j Military Occupational Specialty - M.O.S.

2 Inspection Interval

The preventive and unscheduled repair rates per 10,000 flight-
hours are based on the rates per ingpection interval. These
rates must be calculated on the component level because this is
the level at which all the failure data is given. Within an in-
spection cycle, different components may have different inspec-
tion intervals, thus making the inspection interval time and the
number of intervals per cycle dependent upon the component. The
number of components of one type per aircraft model is also de-
pendent upon the component type. Thus, these factors are all
considered at the component level. The results of these con-
straints yield the following equations.

Preventive Repair Rates

N
RRp =f Nc (Ni (il ) (Nt (i) ) (PR [i] )
i=1

where RR_= Total repairs performed at scheduled inspections
per 10,000 flt-hr
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PR (1]
Ny (1]
N, [1]
N
C
Vg

Preventive repairs for a component of the ith

type per inspection interval

Number of inspection intervals per inspection
cycle for the jth component

Number of components of the ith type on air-
craft under analysis

Number of inspection cycles per 10,000 flt-hr

Number of generic component types

Unscheduled Repair Rate

N
g

2 N () (B R ()
Total unscheduled repairs per 10,000 flt-hr

Unscheduled repairs for a component of the ith

type per inspection interval

Number of inspection intervals per inspection
cycle for the it component

Number of components of the ith type on aircraft
under analysis

Number of inspection cycles per 10,000 flt-hr

Number of generic component types

To evaluate the choice of time interval per component, it is
desirable to be able to see the various rates for each com-
ponent. Thus, by performing the summation by components as
the last operation in the above equations and in the equations
to follow, all of the rates can be obtained for each comporent
for evaluating the effect of inspection time interval varia-
tions at the component level.

97



The man-hour rates prcduced by the model are a measure of rela-
tive cost in inspection scheme evaluation, and the sum of man-
hour expenditures of all the different types of M.0.S. will be
used as a factor in the second-level modeling. However, the
basic output calculation for each inspection scheme evaluated
will provide a breakdowni of man-hour requirements by M.O.S.
This will provide visibility to the distribution of manpower
requirements with regard to skill level and time.

The unscheduled aircraft repair is assumed to be less efficient
than repairs performed at a scheduled inspection interval. Thus,
an inefficiency factor is included in the unscheduled repair
man-hour rate. This factor, Kj, is assumed to be about 1.2,
representing 207% more time expended on an unscheduled repair
than on the same repair performed at a scheduled inspection
interval.

Since all intervals and all cycles are assumed to be identical
for each component, the following equations for the man-hour
rates are given,

Preventive Repair Man-Hour Rate

N
8
MH =Z N, (N [L1) (N [E]) (MHIL, 1) (PR[i'])

i=1
where

MHp = Preventive repair man-hours per 10,000 flt-hr

MH (i, jl= Man-hours to repair ith component using a repair
crew (1 or more men as required) of the jth M,0.s.

PR lil= Preventive repairs for a component of the ith type
per inspection

Ni[ﬂ= Number of inspections per inspection cycle for the
ith component

Nt[ﬂ= Number of components of the ith type on aircraft
under analysis
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Nc = Number of inspection cycles per 10,000 flt-hr
Ng = Number of generic component types .
Unscheduled Repair Man-Hour Rate
N

g
MH_ -gl N K, (N [41) (N (1) (MHIL,31) (VRI4])

where
MHu = Unscheduled repair man-hours per 10,000 flt-hr

MH[i,jl = Man-hours to repair ith component using a re-
3 .th
pair crew (1 or more men as required) of the j

M.0.S.
UR[i] = Unscheduled repairs for a component of the ith
type hetween inspections
N, [i] = Number of inspections per inspection cycle for
i th
the 1 component
Nt[il = Number of components of the ith type cn aircraft
under analysis
Ki = Unscheduled repair inefficiency factor
Nc = Number of inspection cycles per 10,000 flt-hr
Ng = Number of generic component types
Flight-Readiness Inspection Man-Hour Rate
N
MH, =zg N (N [4]) (N IH]) (N1 (BITG04,50)
i=1
where
MHF = Flight-readiness inspection man-hours per 10,000
flt-hr

EITF[i,j]= Elapsed inspection time for flight-readiness
inspeggion of the ith type by crew member of
the j~ M.O0.S.
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Nflil

Number of flight-readiness inspections pert%n-
spection interval for a component of the i

type. (If the ith type component is not subject
to a flight-readiness inspection N_[i]= 0, for
all other cases N¢[i] is dependent upon the
aircraft type usage and scheduled inspection
intervals.)

Number of inspections per inspection cycle for
the ith component

Number of components of the ith type on aircraft
under analysis

Number of inspection cycles per 10,000 flt-hr

Number of generic component types

Scheduled Inspection Man-Hour Rate

MH
s

where
MH
s

N
g
2 N_ (N i) (N 11]) (BIT_[1,51)
i=1

Scheduled inspection man hours per 10,000 {lt-
hr

EITs[i,jl= Elapsed inspection time for scheduled inspec-

tion of a component of the jth type (equal to
zero if component not subject to scheduled in-
sgection) by a maintenance crew member of the
jth M.0.s.

Number of inspections per inspection cycle for
the ith component

Number of components of the ith type on air-
craft under analysis

Number of inspection cycles per 10,000 flt-hr

Number of generic component types

100



Repair or replacement of some of the component types is not
generally a one-man job. Thus, another important figure re-
lated to a component is the average elapsed maintenance time
(EMT) associated with a failure of that component. Using
this figure, two more rates are calculated. Once again a
preventive repair occurring at a scheduled inspection inter-
val is assumed to be more efficient than an unscheduled
repair. Thus, the inefficiency factor, K,, is also included
in the calculation of unscheduled elapsed maintenance times.

Preventive Repair Elapsed Maintenance Time Rate

N
EMTp = zf Nc (Ni[i]) (Ntlll) (EMT [i,j] ) (PRIi])
i=1
where
EMT = Preventive repair elapsed maintenance time per
P 10,000 flt-hr

EMT [i,jl= Elapsed maintenance time to repa%ﬁ ith compon-

ent using a repair crew of the j M.O.S.
PR{i] = Preventive repairs for a component of the ith
type per inspection
Ni[il = Number of inspections per inspection cycle for
the ith component
Nt[il = Number of components of the ith type on air-
craft under analysis
Nc = = Number of inspection cycles per 10,000 flt-hr
Ng = Number of generic component types
Unscheduled Repair Elapsed Maintenance Time Rate
N
EMTu = }f Nc Ki (Ni[i]) (Nt[i]) (EMT [i,j]) (URI[i])
i=1
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where
EMTu = Unscheduled repair elapsed maintenance time
per 10,000 flt-hr

EMT [i,jl = Elapsed maintenance time to repair ith com-
ponent using a repair crew of the jth M.0.s.

UR[1] = Unscheduled repairs for a component of the ith
type between inspections

Ni[il = Number of inspections per inspection cycle for
the ith component

Nt[i] = Number of components of the ith type on air-
craft under analysis

Ki = Unscheduled repair inefficiency factor

Nc = Number of inspection cycles per 10,000 flt-hr

Ng = Number of generic component types

At the same time that historical data is being processed to
give the percentage of failures found during scheduiled in-
spections (used for T,g calculations), a complete distribu-
tion of the failures on a component by "when discovered" can
be found. A breakdown of the failures into the ''when dis-
covered" classifications listed below is sufficient for the
analysis used in the model.

When Discovered Percentage of Total Failures
Pre flight Abort XX
In-Flight Abort XX
Flight-Readiness Inspection XX
Scheduled Inspection XX
All Other XX

There may be many modes of failure for a given component,
each affecting the aircraft's performance differently, and
many being found in different ways. Three data elements of
the master configuration file which are taken from the above
distribution in order to account for these varying effects
are listed below:
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1. Probability of abort given a component failure if
component is not subject to flight-readiness inspec-
tion.

2. Probability of abort given a component failure if
component is subject to flight-readiness inspection.

3. Percentage of all aborts occurring in-flight.

In the operation on tiie model, the probability of abort, PA,
given a component failure is set to either (1) or (2) depend-
ing on whether or not the component being analyzed is included
in a flight-readiness inspection. Using these component
parameters, the following two rates are calculated.

Mission Abort Rate

N
g
AR_ =1Z1 N (N [41) (N [L]) (URI4)) (PAT4])
where
ARm = Total mission aborts per 10,000 flt-hr
PA[il = Probability of mission abort given a failure of
a component of the ith type
UR[i] = Unscheduled repairs for a component of the ith
type per inspection interval
Ni[i] = Number of inspection intervals per inspection
cycle for the ith component
N [il = Number of components of the ith type on air-
- craft under analysis
Nc = Number of inspection cycles per 10,000 flt-hr
Ng = Number of generic component types
In-Flight Abort Rate
ARi = AR.m (INFLT)
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where

AR

Total in-flight aborts per 10,000 flt-hr

i
AR.m = Total mission aborts per 10,000 flt-hr
INFLT = Percentage of all mission aborts occurdng in-flight

The increase of aircraft availability is one of the goals of
this study. Thus, the downtime rates, upon which availability
is dependent, must be calculated. The distribution of aircraft
downtime throughout an inspection cycle is also *mportant in
evaluating the full effect of the different inspection schemes
on availability. Since some items may be inspected at differ-
ent intervals, the man-hours of labor required at different
intervals may vary. Thus, the average downtime for each of
the intervals is to be calculated as a function of required
man-hours of labor and inspection crew size.

Several assumptions have been made as a basis for scheduled
downtime calculations. The inspection crew size (K. [2] =
number of men in inspection crew for the 2th gcheduled inspec-
tion within an inspection cycle) has been set as an input for
the model which can be varied to evaluate crew size variations.
For the different aircraft types, a maximum efficient inspec-
tion crew size has been set at K.m as given below.

Aircraft Type K.m (men)
CH-Heavy 5
CH-Medium 5
UH 3
AH 3
LOH 1

For crew sizes less than or equal to the appropriate K , all
men are assumed to be contributing equally to the inspgction
effort. Each additional man in a crew larger than K; is as-
sumed to contribute only 757 of the effective man-hours con-
tributed by the last additional man. Thus, if a 5-man crew
inspected a UH for one hour, only 4.31 effective man-hours of
work would be accomplished (3 (1) + 0.75 (1) + 0.75 (0.75) (1)
= 4.31) at a cost of 5 man-hours for a downtime of one hour.
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This would be considered as an effective inspection crew size
(K (2] = effective number of men contributing 100% to inspec-
tion tasks for the 1th scheduled inspection), Ke [2], of 4.31

men. For Kclzl < Km’

K [2] =K [z2!
[ e

This inefficiency function has been assumed for several rea-
sons: too many men working in the same area will decrease the
working efficiency of each man; too many men working on the
same inspection will result in organizational inefficiencies;
and when too many men are required for a job, the actual skill
levels of the men available are apt to become lower. Addi-
tional man-hours required because of crew size inefficiencies
will be added to the overall scheduled inspection man-hour
rate,

It has also been assumed that when a deteriorated component
is discovered during a scheduled inspection, the normal
number of men required to repair or replace that component
are supplied in addition to the inspection crew. Thus, there
will be preventive repair work performed by additional men
during the time of the scheduled inspection which has to be
evaluated for the scheduled downtime calculation. Such pre-
ventive repair times will overlap other preventive repair
times as well as the scheduled inspection time. This overlap
is acccunted for by the K and K factors given in some of
the equations to follow, P

Scheduled Downtime Rate

N,
= ]
SDT ch SDT 2]
i=1
where
EIT [¢]
. - 2
SDT (2] Ke (1] + KS Kp (EMTp[ ]
and
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and

where

N
EIT, (2] =§_ (N (1)) (EIT i, 2])
i=1

N

EMT [n]=§ (N_(i]) (EMTIi]l) (PRI4, 2])
p = t

SDT

SDT[¢]

EITs[z]

EITSli,z]-_-

EMT (2]
P

EMT [i]

PR [i,:]

Scheduled downtime per 10,000 flt-hr

Scheduled downtime for the Zth inspection
interval

Elapsed inspection time for the lth scheduled
inspection interval

Elapsed inspection time for a component of
of the ith type for the ¢th gchedu ﬁd inspec-
tion interval (equal to zero if i~ type of
component is not inspected at :th interval)

Cumulative elapsed maintenance time for pre-
ventive repairs for the tth inspection interval

Elapsed maintenancghtime for repair of a
component of the i~ type since more than

one man may be required to perform the main-
tenance action

Preventive repaﬁrs for a component of the ith
type for the et inspection interval (equal
to zero if components of the jth type not
inspected at the Lt inspection interval)

Number of components of the ith type on air-
craft under analysis

Effective inspection crew size for the zth

inspection interval

Factor for overlap of preventiv: repair times
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K= Factor or overlap of preventive repair time with
inspection time

N = Number of inspection cycles per 10,000 flt-hr

N = Number of generic component types

N; = Number of inspection intervals per cycle
The average preventive repair crew size for each inspection in-
terval, Kg [2], which is required to obtain the given SDT will
be given as an output from the model. This is to be done mainly

for manpower planning purposes related to an inspection scheme.

Preventive Repair Crew Size

MH (2]
Kg (2} = BN 12]

where th
KR[2] Average prevention repair crew size for the ¢
inspection interval

EMT (2] = Cumulative elapsed preventive repair maintenance
P time for the 2th inspection interval
MHp[z] = Preventive repair man-hours for the 2th inspec-

tion interval

The unscheduled aircraft downtime must also be evaluated for
availability calculations. As in the unscheduled repair man-
hour rate, the unscheduled repair inefficiency factor, Kj, is
included. Similar tc the scheduled downtime rate calculations,
a factor allowing for the overlap of repair times, K,, is also
included. Since these repairs are assumed to have a random
type distribution, only the overall rate per 10,000 flight-
hours is calculated.

Unscheduled Downtime Rate

N
ot = ch (K)(K ) (N, [il) (N_[4]) (EMTIi]) (UR[d))
i=1 u 1 t
where
UDT = Unscheduled downtime per 10,000 flt-hr

EMT (1]

Elapsed maintenance time for repair of a component
of the ith type
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UR[i] = Unscheduled repairs for a component of the 1th

type between inspections

N, [i] = Number of inspections per inspection cycle for

J the i~ component

Ntli] = Number of components of the ith type on aircraft
under analysis

Ki = Unscheduled repair inefficiency factor

Ku = Factor for overlap of unscheduled repair times

Nc = Number of inspection cycles per 10,000 flt.hr

Ng = Number of gener.c component types

The summation of scheduled and unscheduled downtime rates
yields the total downtime per 10,000 flight-hours, DT, of the
aircraft. The following equation gives the availability of
the aircraft such that the less time the aircraft is down for
maintenance, the closer the availability factor is to 1.

Availability
DT
A = 1- T
where
A = Availability
DT = Total downtime (scheduled and unscheduled) per

10,000 flt-hr

T = Calendar time for completion of 10,000 flt-hr
(dependent on aircraft usage)

To allow for more insight into the factors contributing to
availability, the two output parameters below are calculated.

Norm' - Scheduled

s = 2L
where
NS = Availability due to scheduled downtime (not opera-

tional due to scheduled maintenance)
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SDT Scheduled downtime per 10,000 flt-hr

Calendar time for completion of 10,000
flt-hr (dependent on aircraft usage)

=
0

Norm - Unscheduled

_ UDT
NU = T
where

NU = Availability due to unscheduled downtime
(not operational due to unscheduled main-
tenance)

UDT = Unscheduled downtime per 10,000 flt-hr

T = (Calendar time for completion of 10,000

flt-hr (dependent on aircraft usage)

Two very important factors in evaluating an aircraft main-
tenance system are the resultant safety and operational ef-
fectiveness of the aircraft. The reliability figures below
are given as an indication of these evaluation factors.

Flight Reliability

ARi
- = 1 - Tims
where
Rf = Flight reliability
ARi = Total in-flight aborts per 10,000 flt-hr
FLTS = Total number of flights per 10,000 flt-hr

(dependent on aircraft type usage)

Mission Reliability

AR.m
R = l-fims
where
R.m = Mission reliability
AR.m = Total mission aborts per 10,000 flt-hr
FLTS = Total number of flights per 10,000 flt-hr

(dependent on aircraft type usage)
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APPENDIX II
LIST OF DOCUMENTATION

The following documentation items and RAMMIT reports have
been received for use in the study.

TECHNICAL MANUALS

OH-6A

2 TM55-1520-214-CL

2 -214-ESC

2 -214-10

2 -214-20

2 -214-20P

2 -214-20 PMD
2 -214-20-PMP
2 -214-20 PMP
2 -214-34P

2 -214-35

1 -214-35P
UHLD/H

1 T™55-1520-210-ESC

2 -210-10

2 -210-20-PMD
2 -210-20-PMI

Pilot's Checklist

Equipment Serviceability
Criteria

Operator's Manual; Observation
OH6A (HUGHES)

Organizational Maintenance Manual,
OH6A (HUGHES)

Organizational Maintenance Parts
List

Daily Inspection Checklist
Periodic Inspection Checklist

Periodic Inspection Checklist
UPDATE

DS&GS Maintenance Repair Parts
and Special Tools List Observa-
tion OH6A (/{UGHES)

DS, GS, Depot Maintenance
Manual, Observation OH6A (HUGEES)

DS, GS, Depot Parts List

Equipment Serviceability
Criteria

Operator's Manual UH-1D/H
Daily Inspection Checklist

Intermediate Inspection Checklist
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TECHNICAL MANUALS - Continued

UH1D/H (Continued)

2
1
1
2

T™55-1520-210-20-PMP
-210-20-P-1
-210-20-P-2
-210-34-P-1

-210-34-P-2

-210-34-P-3

-210-34-P-4

-210-35-1

-210-35-2

-210-20

T55-1520-220-10
-220-20-PMD
-220-20-PMI
-220-20-PMP

Periodic iInspection Checklist
Organizational Parts List
Organizational Parts List

DS&GS Maintenance Manual Repair
Parts/Special Tools List Utility
Tactical Transport UH-1A, 1B, 1C,
1D, 1H (BELL)

DS&GS Maintenance Manual Repair
Parts/Special Tcols List,Utility
Tactical Transport UH-1A, 1B, 1C,
1D, 1H (BELL)

DS&GS Maintenance Manual Repair
Parts/Special Tools List, Utility
Tactical Transport UH-1A, 1B, 1C,
1D, 1H (BELL)

DS&GS Maintenance Manual Repair
Parts/Special Tools List, Utility
Tactical Transport UH-1A, 1B, 1C,
1D, 1H (BELL)

DS, GS, Depot Maintenance Manual,
UH-1D/H

DS, GS, Depot Maintenance Manual,
UH-1D/H

Organizational Maintenance Manual,
UH-1D/H

Operator's Manual, UH-1C Helicopter
Daily Inspection Checklist
Intermediate Inspection Checklist

Periodic Inspection Checklist
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TECHNICAL MANUALS - Continued)

AH-1G

1

NN

N

N NN

[ 1

55-1520-221-CL
-221-ESC
-221-PMD

-221-PMP

-221-PMI

-221-10
-221-20

-221-20P
-221-20-PMD
-221-20-PMP
-221-20-PMI
-221-35

-221-35P-1

-221-35P-2

-221-35P-3

Pilot's Checklist
Equipment Serviceability Criteria

Preventive Maintenance Daily
Inspection Checklist, AH-1G

Preventive Maintenance Periodic
Inspection Checklist, AH-1G

Preventive Maintenance Intermedi-
ate Inspection Checklist, AH-1G

Operator's Manual, AH-1G

Organizational Maintenance
Manual, AH-1G

Organizatbnal Parts List

Daily Inspection Checklist
Periodic Inspection Checklist
Intermediate Inspection Checklist

DS&GS, Depot Maintenance Manual,
AH-1G

DS&GS, Depot Parts and Special
Tools List:

Attack AH1G (BELL)
Flight Trainer TH-1G (BELL)

DS&GS, Depot Parts and Special
Tools List:

Attack AHIG (BELL)
Flight Trainer TH-1G (BELL)

DS&G, Depot Parte and Special
Tools List:

Attack AH1G (BELL)
Flight Trainer TH-1G (BELL)
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TECHNICAL MANUALS - Continued

CH-47 A, B, C

1

NN - =N

N NN NN

NN NN NN -

™55-15206-209-CL

-209-ESC
-209-10
-209-10CL
-209-20
-209-20-1

-209-20-2

-209-20-PMD
-209-20-PMI
-209-20-PMP
-209-34-P-1

-209-34-P-2

-209-34-P-3

-209-35
-209-35-1
-209-35-2
-209-35-3
-209-35-pP-1
-209-35-P-2
-209-35-P-3

Operator's and Crew Member's
Checklist, CH=-47A

Equipment Serviceability Criteria
Operator's Manual, CH-47A

Pilot's Checklist

Organizational Maintenance

Organizational Maintenance Manual,
CH-47A

Organizational Maintenance Manual,
CH-47A

Daily Inspection Checklist
Intermediate Inspection Checklist
Periodic Inspection Checklist

DS&GS Maintenance Repair Parts/
Special Tools List, Cargo Trans-
port CH-47A,B, C (VERTOL)

DS&GS Maintenance Repair Parts/
Special Tools List, Cargo Trans-
port CH-47A, B, C (VERTOL)

DS&GS Maintenance Repair Parts/
Special Tools List, Cargo Trans-
port CH47A, B, C (VERTOL)

DS&GS Depot Maintenance Manual
DS&GS Depot Maintenance Manual
DS&GS Depot Maintenance Manual
DS&GS Depot Maintenance Manual
DS&GS and Depot Parts List
DS&GS and Depot Parts List
DS&GS and Depot Parts List
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TECHNICAL MANUALS - Continued

CH-54A

2 T55-1520-217-10-1

2 -217-20P-1

2 -217-20P-2

2 -217-20-PMD-1

2 -217-20-PMI-1

2 -217-20-PMP-1
-217-20-PMD-2

1 -217-20-PMI-2

1 -217-20-PMP-2

2 -217-20/1-2

2 -217-34P-1
-217-34P-2

2 -217-34P-3

2 -217-34P-4

2 -217-34P-5

1 -217-35P-1
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Operator's Manual

Organizational Parts List
Organizational Parts List
Daily Inspection Checklist

Intermediate Inspection
Checklist

Periodic Inspection Checklist
Daily Inspection Checklist

Intermediate Inspection
Checklist

Periodic Inspection Checklist

Organizational Maintenance
Manual, CH-54A

DS&GS Maintenance Repair
Parts and Special Tools List,
Cargo Transport CH-54A, B
(SIKORSKY)

DS&Gs Maintenance Repair
Parts and Special Tools List,
Cargo Transport CH-54A, B
(SIKORSKY)

DS&GS Maintenance Repair
Parts and Special Tools List,
Cargo Transport CH-54A, B
(SIKORS™Y)

DS&GS Maintenance Repair
Parts and Special Tools List,
Cargo Transport CH-54A, B
(SIKORSKY)

DS&GS Maintenance Repair
Parts and Special Tools List,
Cargo Transport CH-54A,B
(SIKORSKY)

DSAGS Parts List



TECHNICAL MANUALS - Continued

CH-54A (Continued

1 TM55-1520-217-35P-2 DS&GS Parts List
1 -217-35P-3 DS&GS Parts List
2 -217-35/1-1 DS&GS Depot Maintenance
Manual, CH-54A
2 -217-35/1-2 DS&GS Depot Maintenance
Manual, CH-54A
OH-58A
1 TM55-1520-228-10 Operator's Manual, OH-58A
-228-20 Organizational Maintenance
Manual
1 -228-20P Organizational Parts List
-228-20-PMD Daily Inspection Checklist
2 -228-34P DS&GS Maintenance Repair
Parts List, Observation
OH-58A (BELL)
2 -228-35 DS&GS Maintenance Manual

TECHNICAL BULLETIN

TB-55-1500-301-25 "Army Aircraft Preventive
Maintenance Inspection
System', 24 February 1970

USABARR - ACCIDENT REPORT DATA

Printouts: UH-1D; UH-1H; AH-1G; CH-54 A/B; CH-47 A/B/C;
OH-6A

RAMMIT REPORTS

TALCMOR - Twenty-Five Maintenance Life Histories for each
of the following: OH-6A, UH-1H, AH-1G, CH-47,
A, B, C.

RIADS - One each AH-1G, CH-47A, CH-47B, CH-54A, UH-1H

MIRF - One each AH-1G, OH-6A, UH-1H

115



NAVY 3M MAINTENANCE RECORDS

3M tapes describing maintenance actions for a two-year period
ending June 1971 for the following aircraft types:

AH-1
UH-1
CH-46
CH-53
TH-57

DATA ACQUISITION MEETING

In addition to formal documentation, interviews with Army
aircraft specialists provided important study input data.
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APPENDIX III
AIRCRAFT CONFIGURATION FILE

AIPCRAFT CONFIGURATION FILE PAGE 1
QUANTITY PER AIRCRAFT
CODE NOMENCLATURE AH-16 UH-1H CH—4T CH-54 OH-%8
110000 AIRFRAME SYSTEM
110100 FUSELAGE SUBSYSTEM

110101 FRAME/STRINGER 3 3 9 7 1
110102 SKIN 2 2 9 5 1
110103 WINDSHIELD 3 2 3 S 2
110104 WINDOW 0 10 ie 8 2
110105 ESCAPE HATCH (] 0 4 0 0
110106 HATCH JETTISON MECHANISH 0 0 2 0 0
110107 CARGO RAMP 0 0 1 0 0
110108 HORIZONTAL STASBILIZER SECTION 2 2 0 1 1
110109 STEP/HAND HOLD 2 12 23 22 1
110310 ANTENNA/SUPPORT T 13 7 5 3
110200 COCKPIT/CABIN DOOR SUBSYSTEM

110201 SLIDING CABIN DOOR 0 2 1 0 0
110202 HINGED CABIN COOR 2 2 v 3 4
110203 OOOR STRUT SEY 2 0 0 0 0
110204 DOOR LATCH MECHANISM 2 4 i 3 4
110205 DOOR JETTISON MECHANISM 2 4 s 2 4
110300 ACCESS DOOR/CONWL SUBSYSTEM

110301 HINGED ACCESS DOOR/COWLING 19 8 20 7 6
110302 HINGED WORK PLATFORM 0 0 (3 0 0
110303 OOOR/COML/PLTFM LATCH MECHSM 30 16 39 11 8
110304 REMOVABLE FAIRING/COWL ING 14 4 4 8 5
110305 REMOVABLE ACCESS PANEL 12 14 il 21 &
110400 COCKPIT/CABIN IMTERIOR SUBSYS

110401 INSTRUMENT CONSOLE 2 1 4 4 1
110402 EQUIPMENT RACK 0 0 2 ] 0
110403 FLOOR PANEL 4 7 15 0 0
110404 SEAT TRACK 2 2 2 3 0
110500 ENG COMPARTMENT/TUNNEL SUBSYS

110501 FIREWALL 2 2 0 2 3
110502 SCUPPER/ODRAIN 0 2 13 0 1
110503 HANGER BRG SUPPT STRUCTURE 3 4 8 9 8
110600 FITTINGS/HARDPOINT SUBSYSTEM

110601 ENGINE FITTING 6 6 8 4 ]
110602 TRANSHISSION/GEARBOX FITTING 1 1 12 12 7
110603 TAIL BOOM ATTVACH FITTING & & +] 4 4
110604 LANDING GEAR FITTING 4 4 10 6 4
11060% CARGD HOOK FITTING 0 1 2 14 0
1106806 ARMAMENT FITTING 5 o 0 0 1
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CO0E

120000

120100
120101
120102
120103
120104
120105
120106
120107
120108
120109
120110
120111
120112

120200
120201
120202
120203
120204

120300
120301
120302

120400
120401
120402

AIRCRAFT CONFIGURATION FILE

NUMENCLATURE

FUSELAGE COMPARTMENTS SYSTEM

COCKPIT SUBSYSTEM
INSTRUMENT PANEL
GLARE SHIELD
OVERHEAD PANEL
PILOT/COPILOT SEAT/CUSHION
SEAT ADJUSTMENT MECHANISM
INERTIA REEL
SHOUL DER HARNESS/LAP BELT
ARMOR PLATE SET
ARMR PLT QUICK RELEASE MECHNSM
RELIEF TuBE
MAP CASE
SPARE LAMP STORAGE BOX

CABIN SUBSYSTEM
PASSENGER SEAT
LAP BELT
INSULATION BLANKET PANEL
BLOCK & TACKLE ASSY

RAMP ACTUATE/CONTROL SUBSYS
RAMP CONTROL PANEL
RAMP ACTUATE CYLINDER & LOCK

HATCH UOUR ACTUATION SUBSYS
HATCH OO00R ACTUATING CYLINDER
DOOR LATCH ACTUATING CYLINDER
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"AGE 2

QUANTETY PeR AIRCRAFY
AH=1G UH=-1H CLH-47 C(CH-54 NH-59

2 1 “ 4 1
2 0 2 1] 1
0 1 2 2 1
2 2 Fd 3 2
1 2 2 2 0
2 2 2 3 2
2 4 2 3 2
3 2 8 3 3
(4] 2 J 3 2
0 4] 3 1 1]
1 1 J 1 1
1 1 2 0 0
1] 11 33 1 2
0 11 313 1 2
0 5 "} 6 2
0 0 i [4) ]
0 0 1 ] 0
0 0 2 0 0
0 0 | 0 0
0 0 1 (4] 0



CootE

130000

130100
130101
130102
130103
130104
130105

130200
130201
130202
130203
130204
13020%
130207

130300
130301
130302
130303
130304
130305
130306

130400
130401
130402
130403

130500
130501
130502
130503

AIRCRAFY CONFIGURATION FILE

NOMENCLATURE

LANDING GEAR SYSTEM

MLG SRID TYPE SUBSYSTEM

SKID TUBE

SKID TUBE SHOE
CROSS TUBE

CROSS TUBE SUPPORT
STRUT FAIRING

MLG OLEQD TYPE SUBSYSTEM

SHOCK STRUT

ORAG STRUT

SCISSURS ASSEMBLY
SHIMMY DAMPER ASSEMBLY
WHEEL LOCK

WHEEL & TIRE ASSEMBLY

MLG BRAKE SUBSYSTEM

POWER BRAKE MASTER CYLINDER
BRAKE ASSEMBLY

PARKING BRAKE CONTROL
PARKING BRAKE CABLE

PARKING BRAKE LYNKAGE/SPRING
PARKING BRAKE Va1 VE

POWER STEERING SUBSYSTEM

RHEDSTAT
ELECTRICAL HARNESS
POWER STEERING HYD UNIY

TAIL SKID SUBSYSTEM

TAIL SKID SHOCK STRUT
TAIL SKID TusE
TAIL SKID ACTUATOR
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QUANTITY PER ALRCRAFT
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CODE

140000

140100
140101
140102
140103
140104
140105
140106
140107
1401086
140109

140200
140201
140202
140203
140204
140205
140206
140207
140208
140209
140210

140300
140301

140400
140401
1406403
140404
140405
140406

140500
140501
140502
140503
140504
140505
140506
140507
140508
1405C9
140510
140511
140512

140600

AIRCRAFT CONFIGURATION FILE

NOMENCLATURE

FLIGHT CONTROLS SYSTEM
COLLECTIVE PITCH CNTLS SURSYS

COLLECTVIVE STICK ASSEMBLY
FRICTION BRAKE

TORQUE TUBE

PUSH=-PULL ROD
CRANK/LEVER/ARMy ETC
MAGNETIC BRAKE

DAMNPER ASSEMBLY

ENGINE DROCP ELIMINATOR UNIT
800T /SEAL

CYCLIC CONTROLS SUBSYSTEM

CYCLIC CONTROL STICK

STICK TRIM ACTUATOR
LONGITUDINAL STICK POS INDCATR
TORQUE TUBE

PUSH-PULL ROD
CRANK/LEVER/ ARMy ETC

MAGNETIC BRAKE

FORCE GRADIENT ASSEMBLY
LONGTODNL CYCLIC TRIM SPD ACTR
BOOT/SEAL

CONTROL S MIXER SUBSYSTEM

CONTROLS MIXER ASSEMBLY

MAST CONTROLS SUBSYSTEM

SWASHPLATE ASSEMBLY

SCISSOR & SLEEVE ASSEMBLY
LINK/ROD/LEVER,y ETC
SWASHPLATE BOOT/SEAL
SHASHPLATE ASSY (HEAVY HELO)

TAIL ROTOR CONTROLS SUBSYSTEM

PEDAL ASSEMBLY

PEDAL ADJUSTMENT MECHANISM
TAIL ROTOR TRIM ACTUATOR
PUSH-PULL ROD
CRANK/LEVER/ARM, ETC
MAGNETIC BRAKE

FORCE GRADIENT ASSEMBLY
PULLEY

QUADRANT

CABLE ASSEMBLY/TURNBUCKLE
FAIRLEAD

CHAIN ASSEMBLY

TAIL ROTOR PITCH CNTRL SUBSYS
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AIRCRAFT CONFIGURATION FILE PAGE S

QUANTITY PeR ALRCRAFT

CODE NOMENCLATURE AH-16 UH-1H CH-47 CH-54 OH-S%
140601 CROSS HEAD/STAR 1 1 0 1 ) }
140602 PITCH CHANGE LINK 2 2 0 4 2
140700 ELEVATOR CONTROLS SUBSYSTEM
140701 PUSH-PULL ROD 6 6 0 o 0
140702 CRANK/LEVER/ARMy ETC s S 0 0 0
140703 TORQUE TUBE 1 1 0 0 0
140800 STABILITY AUGMENTATION SUBSYS
140801 SAS GYRO 3 0 3 1 0
140802 SAS TRANSUUCER 4 0 7 2 0
140803 SAS CONTRUL ACTUATOR 3 0 3 4 o
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COLE

150000

150100
150101
150102
150103
150104
150105
150106
150107
150108
150109
150111
150112
150113
150114
150115
150116
150117
150118
150119
150120
150121
150122
150123

150200
150201
150202
150203
15020%

NUMENCLATURE

ROTOR SYSTEM

AIRCRAFT CONFIGURATION FILE

AH~16 UH-1H

MAIN ROTOR SUBSYSTEM

MeRo BLADE ASSEMBLY

DRAG BRACE

OAMPER ASSEMBLY
DAMP ER RESERVODIR

DAMP ER HOSE

PITCH VARYING HOUSING/ASSY
TENSION-TORSION STRAP SET

HUB ASSEMBLY

MUB OIL RESERVOIR
CENTRIFUGAL DROOP STOP ASSY
ANTI-FLAP RESTRAINER

PITCH HORN
PITCH LINK
K BAR

CONTROL TUBE/ROD
STABILIZER BAR ASSEMBLY
STABILIZER DAMPER
ROTARY WING HEAD FAIRING
SAND DEFLECTOR

B00T/COVER

PITCH VARY HSG/ASSY (HVY HELO)
HUB ASSEMBLY (HEAVY HELO)

OCOONOOONOONODOO»NOOOONN

TAIL ROTOR SUBSYSTEM

TeRe BLADE ASSEMSLY
SLEEVE 3 SPINDLE ASSEMBLY

HUB ASSEMBLY
OIL RESERVOIR

orroNn
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AIRCRAFT CONFIGURATION FILE PAGF 7
QUANTITY Pen AIRCRAFT
CODE NOMENCLATURE AH-1G UH-IH (H-47 CH-5& OH-58
220000 TURBOSHAFT ENGINE SYSTEM

220100 ENGINE ASSEMBLY SUBSYSTEM

220101 ENGINE ASSEMBLY 1 1 2 2 1
220200 ENG REPLACBLE COMPNENTS SUBSYS

220201 COMBUSTION CASE FUEL DRAIN VLV o 0 0 2 1
220202 EXHAUST EJECTOR 1 0 0o 0 2
220203 INSULATION BLANKEY § 1 0 0 0
220204 FIRESHIELO 1 1 2 0 1
220300 ENGINE FUEL SUBSYSTEM

220301 FUEL CONTROL ASSEMBLY 1 1 2 2 1
220302 FUEL CONTROL STPAINER 1 1 3 % 3
220303 SERVO FILTER 1 1 2 0 0
220305 OVERSPEED GOUVERNOR 1 1 2 2 1
220306 FUEL B00ST PuMP 1 1 2 4 1
220307 FUEL FILTER | 1 2 6 1
220308 FUEL HEATER o 0 0 2 0
220309 FLOW OIVIDER ASSEMBLY o 0 P Z 0
220310 MAIN & STARTING FUEL MANIFOLD 1 1 2 2 0
220311 LINE/HOSE 3 3 6 14 1
220400 ENGINE LUBRICATION SUBSYSTEM

220401 OIL TANK 1 1 2 2 0
220402 OIL STRAINER 2 2 4 2 0
220403 OIL FILTER 1 1 2 4 1
220404 LIQ-TO~LEQ OIL COOLER 1 1 2 2 0
220405 LINE/HOSE S & 10 6 4
220500 ENGINE ELECTRICAL SUBSYSTEM

220501 TEST SWITCH o 1 3 0 0
220502 ELECTRICAL HARNESS ASSEMBLY 0 1 e 0 0
220503 FIRE DETECTOR ELEMENT 0 2 4 0 o
220600 ENGINE IGNITION SUBSYSTEM

220601 (GNITION EXCITER 1 1 2 2 1
220602 IGNITION HARNESS 1 1 2 2 1
220603 IGNITER PLUG - 4 8 4 1
220700 BLEED AIR SVBSYSTEM

220701 ANTI-ICING PROBE 1 1 2 2 0
220702 AIRBLEED ACTUATDR/STRAINER 1 1 2 4 1
220703 AIR VALVE ASSEMBLY 1 1 o 4 0
220704 LINE/HOSE 5 5 10 8 1
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CODE

240000

240100
240101

240200
240201
240202
240204

240300
240301
240302
240303
240304
240305
240306
240307
240308

240400
240401
240402
240403
240404

240500
240501
240502
240503

240600
2490601
240602
240603
240604

240700
240701
240702
240703
240704
240705

240800
240801
240802

240900
240901

ATRCRAFT CONFIGURATIQON FILE

NOMENCLATURE

AUXILIARY PURER PLANT SYSTEM

APP ENGINE ASSEMBLY SUBSYSTEM
APP ENGINE ASSEMBLY

APP REPLACEABLE COMPNT SUBSYS
AIR INLET SCREEN
AIR INLEY OUCY
INSULATION BLANKEY

APP FUEL SUBSYSTEM
FUEL CONTROL ASSEMBLY
ACCELLERATION CONTROL ASSY
RATEOD SPEED CONTROL ASSY
FUEL BOOST PUMP
FUEL FILTER
PRESSURE SWITCH
FUEL SHUTOFF VALVE
LINE/HOSE

APP LUBRICATION SUBSYSTEM
OIL RESERVOIR
OIL FILTER
OIL RELIEF VALVE
LINE/HOSE

APP CONTROL SUBSYSTEM
START SWITCH
RELAY
SPEED CONTROL SWITCH

APP IGNITION SUBSYSTEM
IGNITION UNIT
EXCITER
IGNITION HARNESS
IGNITER PLUG

APP HYDRAULIC SUBSYSTEM
HYORAULIC PUMP MOTOR
HAND PUMP
ACCUMULATOR
SOLENOID VALVE
LINE/HOSE

APP INSTRUMENT SUBSYSTEM
THERMOCOUPLE
HOURMETER

APP ENGINE MOUNT SUBSYSTEM
TUBULAR MOUNT

124

PAGE 8

QUANTITY PER AIRCRAFT
AH=16 UH=IH (H-4T7 CH-54 OH-58

o 0 1 1 0
1] 14 i 1 0
0 0 i 0 0
0 0 1 0 0
0 0 1 1 0
0 0 i 1 0
o 0 0 1 0
0 0 i 0 0
0 0 | 2 0
0 0  § 1 0
0 0 1 1 0
0 0 3 2 0
0 0 1 0 0
0 0 1 1 0
0 0 ¢ 1 0
0 0 1} 0 0
0 0 i 1 0
o 0 1 1 0
0 0 0 1 0
0 0 1 1 0
0 0 1 1 0
o 0 1 1 0
0 0 1 1 0
0 0 1 1 0
0 0 (V] 1 0
0 0 0 1 0
0 1] 0 1 0
o 0 2 3 0
0 0 1 1 0

0 1 1 0
0 0 1\ 3 0



AJRCRAFT CONFIGURATION FILE PAGE 9

OUANTITY PcR AIRCRAFT
C0oe NOMENCLATURE AH=16 UH-1H (H=4T CH-54 OH-58

2640902 RUBBER SHUCK MOUNT 0 o 0 1 0
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CODE

260000

260100
260101
260102
260103
260104
260105
260106
260107

260200
260201
260202
260203
260204
260205
260206

260300
260301
260302

260400
260401
260402
260403

260500
260501
260502
260503

260600
260601
260602
260603
260604
260605
260606
260607
260608

260700
260701
260702
260703
260704
260705
260706

ATRCRAFT CONFIGURATION FILE

NCMENCLATURE

ORIVES = TRANSMISSIONS SYSTEM

MAIN XMSN DRIVES SUBSYSTEM
ENGINE DRIVE SHAFT
SHAFT COUPLING - THOMAS TYPE
SHAFT COUPLING ~ ZURN TYPE
SHAFT TO COUPLING CLAMP
HANGER BEARING
BEAR ING SHOCK MOUNY
ENG/SYNC DRIVE SHFT (HVY HELO)

TAIL ROTOR/AUX POWER DR SUBSYS
TeRe/AUX POWER PLANT JHAFT
SHAFT COUPLING - THOMAS TYPE
SHAFT COUPLING - ZURN TYPE
SHAFT TO COUPLING CLANMP
HANGER BEARING
VISCOUS DAMPER

MAIN ROTOR DRIVE SUBSYSTEM
ROTOR ORIVE SHAFT & HSG ASSY
ROS MAGNETIC CHIP DETECTOR

FAN DR IVES SUBSYSTEM
FAN DRIVE SHAFT ASSEMOLY
ORIVE BELT
ORIVE BELTY PULLEY

SEPARATE CLUTCE UNIT SUBSYS
FREE WHEEL ING ASSY
MAG CHIP DETECTCR
AUX PUWER PLANT SHAFTY CLUTCH

TRANSMISSION/GEARBOX SUBSYSTEM
ENGINE TRANSMISSION ASSY
COMB INING TRANSMISSION ASSY
MAIN ROTOR TRANSMISSION ASSY
INTERMEDIATE GEARBOX ASSY
TAIL ROTOR GEARBOX ASSY
M.Re TRANSMISSION (HVY HELO)
INT GEARBOX ASSY (HEAVY HELO)
T.Re GEARBOX ASSY (HEAVY HELO)

TRANSMISSION OIL SUBSYSTEM
OIL TANK
OIL PumMp
PRESSURE RELIEF VALVE
OIL FILTER
OIL COOLER
THERMOSTATIC VALVE
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PAGE 10

QUANTITY PER AIRCRAFT
AH-1G6 UH=-1H (H-4T7 CH-54 OMH-58

1 1 0 0 1
0 0 1P4 2 1]
2 2 (V] 0 2
2 2 v 0 2
0 0 [ 0 (4]
0 0 8 ] 0
0 0 11 2 0
s 6 0 8 4
0 0 0 11 5
10 12 [V] 0 0
10 12 0 0 0
3 4 V] 6 8
0 0 0 6 0
0 0 1 ] 4]
0 0 1 0 0
0 0 i 0 0
0 0 ¢ 2 9
Q 0 0 3 0
0 0 (1] 0 1
0 0 v 0 1
0 (4] Q 1 0
0 0 2 0 0
0 0 i 0 0
1 1 0 0 1
1 1 0 0 0
1 1 V] 0 1
0 0 V3 1 0
(1] 0 0 1 V]
0 0 0 1 0
0 0 1 0 0
0 1] 3 0 1
0 0 5 1 1
2 2 [} 1 1
1 1 5 1 1
1 1 5 1 1



CNOE
260707

260800
260801
260802
260803
260804

260900
260901
260902
260903
260904
260905
260906
260907

ATRCRAFT CONFIGURATION FILE

NOMENCLATURE
LINE/ HOSE

MOUNTS SUBSYSTEM
PYLUN MOUNT ASSEMBLY
OAMPER
LIFT LINK
TUBULAR MOUNT ASSY

ROTOR BRAKE SUBSYSTEM
BRAKE ASSEMBLY
0IsSC
LINE/HOSE
SWITCH
THROTTLE INTERLOCK
SOLENOID
WIRING
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QUANTITY PER AIRCRAFT
AH=16 UH-1H CH-4T7 (H-54 OH-SH
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CODE

290000

290100
290101
290102
290103

290200
290201
290202
290203
290204
290205
290206
290207
220208

290300
290301
290302
290303

290400
290401
290402
290403

290500
290501
290502

290600
290601
290602
290603
290604

290700
290701
290702
290703
250704
290705
290706
290707

290800
290801
290802
290803

ATRCRAFYT CONFIGURATION FILE

NOMENCL ATURE

POWER PLANT INSTALLATION SYS

ENG MOUNT/SUSPENSION SUBSYS
ENGINE MOUNT
ENGINE MOUNT BEARING
TORQUE SENSOR

ENG AIR PARTCLE SEPARTR SUBSYS
PAKTICLE SEPARATOR ASSY
DOUR ACTUATOR
CABLE ASSEMBLY
PULLEY
CONTROL LEVER
PRESSURE SNITCH
WIRING HARNESS
PARTICLE SEP ASSY (HEAVY HELO)

AIR INDUCTIUN SUBSYSTEM
INLET SCREEN
INLET DUCT/PLENUM CHAMBER
ALTERNATE AIR BYPASS DOOR

ATRCRAFT EXHAUST SUBSYSTEM
TAILPIPE
TAILPIPE ADAPTER/EXTVTENSION
TAILPIPE CLAMP/COUPLING

AIRCRAFT BLEED AIR SUBSYSTEM
BLEEU AIR VALVE
LINE/HOSE

ENG ANTI-ICE/OE-ICE SUBSYSTEM
TEMPERATURE SENSOR
ENGINE ARTI-ICE SWITCH
SOLENOID VALVE
WIRING HARNESS

START SUBSYSTEM
STARTER SWITCH
STARTER RELAY
STARTER SCLENOID
STARTER GENERATOR
HYDRAULIC STARTER
STARTER PRESSURF SWITCH
ENG START HYD MANIFOLD VALVE

THROTTLE/POWER LEVER SUBSYSTEM
CONTROL QUADRANT ASSY
ENGINE CONDITION CONTROL 80X
THROTTLE TWIST GRIP MECHANISM
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PAGE 12

QUANTITY PeR ALRCRAFT
AH-16 UH=1H Cr=4T7 CH-8%6¢ 0OH-%3

3 3 8 16 3
2 2 0 0 0
0 0 0 2 0
1 1 0 0 1
2 0 0o 1 0
0 0 0 2 0
0 0 0 4 0
1 0 9 1 0
1 0 0 0 o
1 0 0 0 0
0 0 0 1 0
1 1 2 0 0
1 1 0 0 0
0 0o 0 4 0
1 1 0 2 0
1 0 0 0 0
1 1 0 0 0
1 1 0 0 0
13 4 2 0 5
1 1 2 0 1
1 1 i 0 1
| 1 Z 0 1
1 1 1 0 1
1 1 2 2 1
1 1 v 0 1
1 1 2 2 1
1 1 0 0 1
0 0 2 2 0
0 3 0 2 0
0 0 2 2 0
0 0 Z 1 0
0 0 1 0 0
2 2 0 (| 2



CODE

290804
290805
290806
290807
290808
290809
290810
290811
290812

290900
290901
290902
290903

291000
291001
291002
291003
291004
291005
291006
291007

ATRCRAFT CONFIGURATION FILE

NOMENCLATURE

ENGINE COMTROL L INKAGE
CABLE/PULLEY

CONTROL CABLE TENSIONER
FLEX CABLE

8007 /SEAL

URDOP COMPENSATOR CAM BOX
TRIM SWITCH

RPM CONTROL ACTUATOR
ELECTRICAL HARNESS ASSY

RPN WARNING SUBSYSTEM

ENGINE SPEED SENSITIVE SWITCH
RPM WARNING LIMIT DETECTOR/BOX
AUDIO WARNING UNIT

AIRCRAFT LIBRICATION SUBSYSTEM

OIL TANK

OIL COOLER BLOWER

BLOWER DUCT

OIL COOLER

THERMUSTATIC BYPASS VALVE
SOLENGID SHUT-OFF VALVE
LINE/HOSE
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QUANTITY PER AIRCRAFT
AH=1G UH-1H CH-4T7 CH-5¢ O0OH-53
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CODE

410000

410100
410101
©10102
410103
410104

AIRCRAFY CONFIGURATION FILE

NOMENCL ATURE

AIR COND/SURFCE ICE CONTRL SYS

WINDSHIELD ANTI-I1CE SUBSYSTEM

THERMOSTATY
ANTI-ICE SWITCH
HEAT RELAY
HEATER ELEMENT

130
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PAGE 14

QUANTITY PER AIRCRAFT
AH=1G UH=1H CH-4T CH-34 O0OH-58
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CODE

420000

420100
420101
420102
©20102
420104
420105
420106
420107
420108
«20109

420200
420201
420202
420203
420204
420203
420206
420207

€20300
420301
420302

AIRCRAFT CONFIGURATION FILE

NOMENCLATURE

ELECTRICAL SYSTEM
AC POWER SUBSYNT<M

GENERATOR

VOLTAGE REGULATOR
RELAY

CURRENT LIMITER
RECEPTACLE
TRANSFORMER
TRANSFRAMER RECTIFIER
INVERTER

CONTROL PANEL

OC POMER SUPPLY SUBSYSTEM

GENERATOR

VOLTAGE REGULATOR
RELAY

CURRENT LIMITER
RECEPTACLE
BATTERY

BATTERY SUMP JAR

ELECT PWR OISTRIBUTION SUBSYS

MASTER SWITCH CONTROL PANEL
AIRCRAFT WIRING

131

QUANTIYY PER AIRCRAFT

PAGE 15

AH-16 UH=-1H CH=47 (H-54 OH-58

0 0 P 2
0 0 2 2
1 1 2 3
20 20 30 25
1 4 A 1
1 1 2 2
1 1 2 2
2 2 v 2
2 2 2 1
0 1 (1] 0
1 2 V] o
1 2 “ 3
75 175 15 25
1 1 1 2
1 1 A 1
0 3 1 0
1 1 1 1
1 |} 1 1

=00~ 0000

OrmmpParmoO
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CO0E

440000

440100
440101
440102
440103

440200
440201
640202
440203
440204
440205
440206

ATRCRAFT CONFIGURATION FILE

NUMENCLATURE

LIGHTING SYSTEM

INTERIOR LIGH?S SUBSYSTEM
COCKPIT/CABIN LIGHT
INSTRUMENT L IGHT
CONTROL PANEL

EXTERIOR LIGHTS SUBSYSTENM
LANDOING LIGHT
SEARCH LIGHY
POSITION/FORMATION LIGHT
ANTI-COLLISION LIGHT
FLASHER UNIT
CONTROL PANEL

132
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QUANTITY PER AIRCRAFTY
AH=16 UH-1H CH-47 CH-54 OH-%3
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AIRCRAFT CONFIGURATION FILF PAGE 17

QUANTITY PLER ALRCRAFT
COnE NOMENCLATURE AH=16 UH=-1IH Ch=«7 CH=-54 0NH-58

[y

450000 HYDRAULIC PUNER SYSTEM
450100 HYDRAULIC SOUURCE/DISTRI SuBSys

450101 RESERVOIR 2 1 3 5 1
©50102 HYDRAUL [C PUMP 2 1 2 S 1
450103 HYORAULIC HAND PUNP 0 0 i 0 0
©50104 HYDRAULIC FILTER 4 2 [ ] L] 2
450105 ACCUMULATOR 0 0 3 0 0
450106 SOLENOID VALVE 3 L 1¢ 16 1
450107 RELIEF VALVE 0 0 4 13 0
450108 CHECK VALVL 20 10 1YY 6 1
450109 DRAIN VALVE 1 1 0 1 0
450110 HYDRAULIC MOTOR 0 0 2 ] 0
450111 SWITCH 2 1 i 1 1
450112 HOSE/L INE 95 45 340 300 14
450200 MHYORAULIC BOOST SUBSYSTEM

450201 ACCUMULATOR 2 0 0 0 0
450202 FLIGHT BOOST MANIFOLD 0 0 2 1 0
450203 CONTROL/PILOT VALVE 0 0 13 ] 0
450204 CYLINDER 4 4 L 4 3
#50206 IRRIVERS I E VALVE 0 3 0 o 3
450207 LOCK-0UT VALVE 1 0 0 8 0
450208 PRESSURE "tEDUCER VALVE 0 0 “ 4 0
950300 HYD PRESSURE INDICATING SUBSYS

450301 PRESSURE SWITCH 0 0 0 T 0
450400 HYDRAULIC COULING SUBSYSTEM

450401 COOLER BLUWER 0 0 i 0 0
450402 BLOWER OUCT 0 0 i 0 0
450403 ELECTRO-HYORAULIC MOTOR 0 0 1 0 0
450404 HYD FLUID COOLER 0 0 A 0 0
450405 THERMUSTAT 0 0 1 0 0
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CO0E

460000

460100
460101
460102
460103
460104
460105
460106
460108
460109
460110

460200
460201
460202
460203
460204

AIRCRAFT CONFIGURATION FILE

NOMENCL ATURE

FUEL SYSTEM
FUEL SUPPLY/DISTRI SUBSYSTEM

FUEL CELL

SUMP PUMP

FUEL FILTER

ENGINE FUEL PURIFIER
FUEL SELECTOR VALVE
LINE/HOSE

PRESSURE FUELING ADAPTER
DEFUELING VALVE

SUMP DRAIN

AUX POMER PLANT FUEL SUBSYSTEM

FJEL PUMP
SOLENOID VALVE
FUEL SHUTOFF VALVE
LINE/HOSE
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QUANTITY PcR ALIRCRAFT
AH=1G UH-1H Ch-47 CH-54 OH-58
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ATRCRAFT CONFIGURATION FILE PAGE 19
QUANTLYY PcR ALRCRAFT
CooE NOMENCL ATURE AH-16 UH-1H Cr=47 CH-5& OH-58
450000 MISCELLANEOUS UTILITIES SYSTEM

490100 FIRE WARNING/DETECT SUBSYSTEM

490101 FIRE DETECTION ELEMENT 0 0 v 16 0
650102 AMPL IFIER 0 0 0 4 0
«50103 FIRE DETECTION CONTROL 0 0 v 4 o
490104 FIRE DETECTION TEST SWITCH 0 0 v 2 0
490200 FIRE EXTINGUISHING SURSYSTEM

450201 CONTROL SWITCH 0 0 1 0 0
490202 WIRING HARNESS 0 0 1 0 0
490203 NITROGEN FIRE BOTTLE 0 0 2 0 0
490204 LINE/HOSE 0 0 5 0 0
490300 WINDSHIELD WIPER SUBSYSTEM

490301 WIPER CUNTROL PANEL 0 1 1 1 0
490302 WIPER MOTOR 0 2 1 1 0
490303 RELAY 0 1 1 1 1
490304 WIRING HARNESS 0 1 0 1 0
450305 MECHANICAL L INKAGE 9 0 3 6 0
450306 BLADE ARM 0 2 2 2 0
490307 BLADE 0 2 2 2 0
490400 BSLEED AIR RAIN REMOVAL SUBSYS

490401 HEAT/RAIN REMOVAL VALVE 1 0 v 0 0
490402 LINE/HOSE 8 0 v 0 0
490500 WINDSHIELD WASHER SUBSYSTEM

450501 WASHER SWITCH 0 0 0 1 0
490502 ELECTRIC PuMP 0 0 v 1 o
490503 RESERVOIR 0 0 0 1 0
990504 WASHER NOZZLES 0 0 0 2 0
49060G CARGO SUSPENSION SUBSYSTEM

490601 CARGO SUSPENSION ASSEMBLY 0 1 1 £ 0
490602 CARGO HOOUK ASSEMBLY 0 1 1 S 0
490603 CARGD RELEASE PEOAL/CABLE 0 1 1 L 0
490604 RELEASE SULENOID 0 1 1 2 0
490605 RELEASE RELAY 0 1 | 2 0
490606 WINCH CONTRUL PANEL 0 0 2 3 0
€90607 HYDRAUL IC WINCH ASSEMBLY 0 0 1 1 0
490608 LOAD LEVELER CYLINDER 0 0 o 4 0
490609 WINCH PUMP 0 0 0 1 0
490610 RELIEF/SHUTOFF VALVE 0 0 3 5 0
490611 LINE/HOSE 0 0 4 15 0
490612 WINCH CABLE 0 0 1 1 0
490613 LIMIT SWITCH 0 0 2 0 o
4905614 CONTRUL PANEL 0 0 ! 0 0
490615 GUILLOTINE 0 0 i 0 0

490700 COMBUSTION HEAT/OEFDG SUBSYS
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ATRCRAFT CONFIGURATION FILE PAGE 20
QUANTITY PER AIRCRAFY

CODE NOMENCLATURE AH=1G UH=1H CH=-47 CH-564 OH-58
490701 COMBUSTION HEATER ASSEMBLY 0 1 | 1 0
490702 AIR BLOWER 0 1 1 1 0
490703 VENT ILATION/ HEATER DUCT o 5 12 12 0
490704 AIR PRESSURE SWITCH ] 1 ) | 1 Y
490705 CABIN HEAT CONTROL PANEL 0 1 i 1 0
490706 HEATER FUEL LINE 0 10 5 4 0
490800 BLEED AIR HEAT/DEFOG SUBSYSTEM
490801 CONTROL PANEL 2 1 0 0 1
490802 SOLENOID VALVE 1 1 0 0 1
450803 HEATER DUCT 2% 25 0 o 24
490900 ELECTRIC CHIP DETECTOR SUBSYS
490901 CHIP DETECTOR RELAY PANEL 1 0 1 ! 0
490902 CHIP DETECTOR 4 4 7 3 4
491000 VISUAL AURAL DEBARK SUBSYSTEM
%91001 CONTROL PANEL 0 0 1 0 0
491002 WARNING HORN o o 1 0 0
491003 FLASHER UNIT (1] 0 i 0 0
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AIRCPAFT CONFIGURATION FILE PAGE 21
QUANTITY PR AIRCRAFT
COnE NOMENCLATURE AH-1G UH-1H Cr=47 CH-54 DH-S8
510000 INSTRUMENTS SYSTEM
510100 FLIGHT INOICATORS SUSSYSTEM

510101 AIRSPEED 2 2 P 2 1
510102 VERTICAL CLIMB 2 2 2 2 0
510103 BARUMETRIC ALTIMETER 2 2 2 2 1
510104 RATE OF CLImB 2 2 2 2 ]
510105 DIRECTIONAL GYRO 2 2 2 2 1
510106 TURN/SLIP 2 2 2 2 1
510107 ATTITUDE INDICATOR 2 2 2 2 1
510108 FLT GCIRECTOR HOVER INOICATOR 0 0 0 3 0
510109 CRUISE GUIDE INODICATOR 1 1 1 0 0
510200 MISC FLIGHT INSTRUMENTS SUBSYS

510201 AC VOLTHETER 2 1 1 2 0
510202 OC VOLTMETER 2 1 1 2 0
510203 0C LOADMETER 2 2 1 2 1
510204 cLacK 2 1 2 1 1
510205 OUTSIDE AIR TEMPERATURE 1 1 1 2 1
510206 MASTER CAUTION LIGHT 2 1 P 1 1
510207 MASTER FIRE WARNING LIGHT 0 1 1 2 0
510208 CAUTION LIGHT 30 16 L6 33 14
510300 PITOT STATIC SUBSYSTEM

510301 PITOT HEAD 1 1 1 2 1
510302 STATIC HEAD 1 1 1 2 1
510303 PETOT HEAT SWITCH 1 1 1 2 1
510304 LINE/HOSE 15 15 12 15 T
510305 ORAIN VALVE 1 1 4 2 1
510400 NAVIGATIONAL INDICATORS SUBSYS

510401 MAGNETIC COMPASS 2 1 2 1 1
510500 COMPASS SUBSYSTEM

510501 RADIU MAGNETIC INDICATOR 2 2 i 1 1
510502 COMP ASS TRANSMITTER 1 1 1 1 1
510503 AMPL IFIER 1 1 1 1 1
510504 DIRECTIONAL GYRO 1 1 1 2 1
510505 CONTROLLER 0 0 0 1 0
510600 ENGINE INSTRUMENTS SUBSYSTEM

510601 DUAL TACH INOICATOR 2 1 P 2 1
510602 TACH GENERATOR 2 2 4 4 2
510603 OIL TEMPERATURE INDICATOR 2 1 2 2 1
510604 OIL TEMPERATURE BULB 1 1 2 2 1
510605 OIL PRESSURE INDICATOR 2 1 2 2 1
510606 OIL PRESS TRANSMITTER 1 1 2 2 1
510607 FUEL PRESSURE INDICATOR 2 1 2 2 0
510608 FUEL PRESSURE TRANSMITTER 1 1 2 2 0
510609 TORQUE INDICATOR 2 1 l 2 1
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ATRCRAFY CONFIGURATION FILE PAGE 22
QUANTITY PER AIRCRAFT

cooe NOMENCL ATURE AH=16G UH-IH (CH-4T7 CH-54 OH-38
510610 TORQUE SENSOR TRANSMITTER t 1 2 0 0
510611 EXHAUST GAS TEMP INDICATOR 2 1 2 2 1
510612 EXHAUST THERMOCOUPLE ASSY 1 ) § 2 2 1
510700 ORIVE HYS INSTRUMENTS SUBSYS
510701 OIL PRESSURE INDICATOR 2 1 5 1 1
510702 OIL PRESSURE TRANSMITTER 1 1 D] 1 0
510703 OlIL PRESSURE TRANSDUCER o o 5 0 0
510704 TACH INDICATOR 2 1 2 2 1
510705 TACH GENERATOR 1 1 1 1 1
510706 OIL TEMPERATURE INDICATOR 2 1 1 1 0
510707 TEMP INODICATOR SELECT SWIVCH 0 0 i o 0
510708 OIL TEMPERATURE BULB 1 1 5 1 0
510709 THERMOSWI ICH 1 1 5 1 1
510800 FUEL QUANTITY SUBSYSTEM
510801 FUEL QUANTITY INDICATOR 2 1 1 2 1
510802 SELECTOR SWITCH o 0 1 0 0
510803 FUEL QUANTITY TRANSMITTER 2 & 6 2 1
510804 LOW LEVEL SWITCH  § 1 i 2 1
510900 HYDRAUL IC INSTRUMENTS SUBSYS
510901 B800ST PRESSURE INDICATOR o 0 2 4 0
510902 UTILITY PRESSURE INDICATOR 0 0 1 4 0
510903 PRESSURE TRANSMITTER 2 1 3 & 0
511100 APP INSTRUMENTATION SUBSYSTEM
511101 EGT INDICATOR 0 0 1 1 0
511102 VACHOMETER o 0 i 1 0
511103 OIL PRESSURE INODICATOR o 0 ) 0 0
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CODE

910000

910100
910101}
910102

910200
910201

910300
910301

AIRCRAFT CONFIGURATION FILE

NUMENCL ATURE

EMERGENCY EQUIP SYSTEM

FIRE FIGHTING EQUIP SUBSYSTEM

PORTABLE FIRE BOVYTLE
FIRE/CRASH AXE/KNIFE

MEDICAL EQUIP SUBSYSTEM
FIRST ALO KIT

SURVIVAL EQUIP SUBSYSTEM
SURVIVAL KIT
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QUANTITY PER AIRCRAFT
UH=-1H Cri-47 CH-54 OH-58
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APPENDIX IV
INSPECTION ANALYSIS MASTER CONFIGURATION FILE
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Failure Mode Codes Numerical Listing

APPENDIX V

CONFIGURATION FILE CODE LISTINGS

CODE

001
003

004
007
008
009
010
020
028

029
037

051
064
065
069
070
080
086

088
092

093
094
103

105

DESCRIPTION

Gassy

Open Filament or
Tube Circuit

Low GM or Emission
Arcing, Arced
Noisy

Microphonic

Poor or Incorrect
Focus

Worn, Chafed or
Frayed
Conductance
Incorrect

Current Incorrect
Fluctuates, Un-
stable or Erratic
Fails to Tune or
Drifts

Incorrect Modula-
tion

High Voltage
Standing Wave Ratio
Flame-Out

Broken

Burned Out or De-
fective Light Bulb
Improper Handling
Incorrect Gain
Mismatched - Wheel
Halves, Electronic
Parts, etc,
Missing Part

No Gain or
Emission

Attack Display Mal-
function

Loose or Damaged
Bolts, Nuts, Screws,
Rivets, Fasteners,
Clamps or other
Common Hardware

CODE DESCRIPTION

106 Missing Bolts, Nuts
Screws, Rivets,
Fasteners, Clamps or
Other Common Hardware

108 Broken, Faulty or
Missing Safety Wire or
Key

111 Burst or Ruptured

116 Cut

117 Deteriorated

127 Adjustment or Align-
ment Improper

130 Change of Value

135 Binding, Stuck or
Jammed

142 Engine Removed, Ex-
cessive Maintenance

150 Chattering

158 Launch Damage

160 Contact/Connection
Defective

167 Torque Incorrect

169 Incorrect Voltage

170 Corroded

177 Fuel Flow Incorrect

181 Compression Low

190 Cracked

230 Dirty

242 Failed to Operate or
Funciion - Specific
Reason Unknown

246 Improper or Faulty
Maintenance

253 Misfires

255 No Ourtput

277 Fuel Nozzle Coking

279 Spray Pattern
Defective

290 Fails Diagnostic Auto-

176
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CONFIGURATION FILE CODE LISTINGS - Continued

Failure Mode Codes Numerical Listing (Continued)

CODE DESCRIPTTION

301 Foreign Object
Damage

303 Bird Strike Damage

306 Contamination

314 Slow Acceleration

315 RPM Fluctuation or
Incorrect

317 Hot Start

330 Excessive Hum

334 Temperature
Incorrect

350 Insulation
Breakdown

372 Metal on Magnetic
Plug

374 Internal Failure

380 Compressor or Tur-
bine Wheel Damage -
Reason Unknown

381 Leaking - Internal
or External

382 Liquid Lock

383 Lock-on Malfunction

386 Maintenance Action
Due to a Lost-in-
Flight Occurrence

396 0il Breathing
Excessive

398 0il Consumption
Excessive

410 Lack of, or Im-
proper Lubrication

424 External Power
Source

425 Nicked

437 Improperly Posi-
tioned or Selected

447 Wrong Logic - Pro-

gram or Computer

CODE DESCRIPTION

450 Open

457 Oscillating

458 Out of Balance

464 Overspeed

472 Fuse Blown or Defec-
tive Circuit Protector

481 Keyway or Spline Dam-
aged or Worn

503 Sudden Stop

520 Pitted

525 Pressure Incorrect

537 Low Power or Thrust

540 Punctured

561 Unable to Adjust to
Limits

567 Resistance Incorrect

583 Scope Presentation
Incorrect or Faulty

585 Sheared

599 Travel or Extension
Incorrect

601 Detonation

602 Failed, Damaged or
Replaced Due to Mal-
function of Associated
Equipment or Item

603 0il in Induction
System

604 Manifold Pressure
Beyond Limits

605 Crazed

606 Drone or Drone Com-
pound Not Recovered

607 No-Go Indication -
Specific Reason
Unknown

608 Counter Run Off-Posi-
tion Indicator

615 Shorted

177
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CONFIGURATION FILE CODE LISTINGS - Continued

Failure Mode Codes Numerical Listing (Continued)

CODE

622
649
651
652

653
654
655
656
€60
664
690
692

693
694

720

730
731
748

758
770

DESCRIPTION

Wet

Sweep Malfunction
Air in System
Automatic Align Time
Excessive

Ground Speed Error
Excessive

Terminal Error - CEP
Excessive

Terminal Error -
Range Excessive
Terminal Error -
Azimuth Excessive
Stripped

Tension Incorrect
Vibration Excessive
Video Faulty
Audio Faulty
Audio and Video
Faulty

Sync Absent or
Incorrect

Faulty Tape - Pro-
gram or Checkout
Faulty Card - Pro-
gram or Checkout
Bearing Failing
or Faulty

Broken or Frayed
Bonding or Ground
Wires

Brush Failure/Worn
Excessively

Loose

Battle Damage
Frequency Erratic
or Incorrect
Obsolete Surplus
Slip Ring or Com-
mutator Failure

Bent, Buckled, Col-
lapsed, Dented, Dis-

Tire Tread Area De-
Delaminated, Punctured,
Worn, etc.,if applicable
Tire Sidewall Damaged

Tire Bead Area Damaged

Tire Inside Surface
Damaged or Defective

Tire Removed - Normal
Tire Removed Due to
Other Primary Cause,
i.e., Brake or Wheel
Failure, Hard Landing
No Defect - Component
Removed and/or Rein-
stalled to Facilitate
No Defect - Removed

No Defect - Removed

No Defect - Removed
for Scheduled Main-

No Defect - Removed
as Part of a Matched

Impedance Incorrect

CODE DESCRIPTION
780
torted or Twisted
781 Tire Leakage
Excessive
782
fective - Use Cut,
783
or Defective
784
or Defective
785
786 Tire Blowout
787
Wear
788
799 No Defect
800
Other Maintenance
801
for Modification
803
for Time Change
804
tenance
806
System
816
838 B Plus Incorrect
846 Delaminated

178
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CONFIGURATION FILE CODE LISTINGS - Continued

Failure Mode Codes Numerical Listing (Continued)

CODE DESCRIPTION

877 Transportation Damage

878 Weather Damage

900 Burned or Overheated

901 Intermittent

910 Chipped

916 Impending or Incipient
Failure Indicated by
Spectrometric 0il
Analysis

931 Accidental or Inad-
vertent Operation,
Release or Activation

932 Does Not Engage Lock
cr Unlock Correctly

935 Scored or Scratched

937 Overheated Cathode
Stem

938 Power OQutput Dip

947 Torn

955 Data Link High Error
Rate

956 Abnormal Function of
Computer Mechanical
Equipment

957 No Display

958 Incorrect Display

959 Fails to Transfer to
Redundant Equipment

961 High Anode Current

962 Low Power Electronic

963 Broken Filament/
Cathode Terminal

964 Poor Spectrum

966 RF Window Suck-in,
Broken or Cracked

968 Dioding

969 Cannot Resonate Input
Cavity

970 Coolant Leak

971 Cracked Cathode

Bushing

179

CODE DESCRIPTION

972 Damaged Input Probe

973 Damaged Output Probe

974 Does Not Track
Tuning Curve

975 Filament to Cathode
Short

981 Frequency Instability

982 Frozen Tuning
Mechanism

983 Grid to Cathode
Short

984 Grid to Plate Short

985 High Body Current/
Beam Interruption

986 High Modulator
Inverse

987 Input Pulse
Distortion

988 Loss of Vacuum

989 Low Coolant Flow
Rate

990 No Focus Current

991 Out-of-Band
Frequency

992 Output Pulse
Distortion

993 RF Drive Improper

994 RF Feed-Thru
Attenuated/
Distorted

995 RF Feed-Thru Com-
pletely Interrupted

996 RF Terminal
Overheated

997 RF Window Burned



CONFIGURATION FILE CODE LISTINGS - Continued

Inspection Methods Codes

BITE

BIM

Spectrographic 0il Amnalysis
Operational Visual Check
Operational Audio Check
Operational Vibratory Check
Operational Temperature Check
Functional Check

Static Visual Check

Manual Plan/Clearance Check
Precision Dimersional Check
Torque Check

Tension Check

Spring Rate Test

Vacuum Check

Pressure Test

Flow Rate Check

Optical Magnification Inspection
Dye Penetrant Inspection
Magnetic Particle Inspection
X-Ray Inspection

Elect;Avionic Check (Common Meters)
Elect/Avionic Check (Special Test Set)
Tap Test

Friction Check

Alignment Check

Time Check

RN = e e e e
NP WNEFHEOWOENGOAUVMPULWNDNMHOWVWOEONOWULMDWN =

s-
f"
!
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MASTER COMPONENT INSPECTION MIXES

APPENDIX VI

COMPONENT
CODE MIX 1 MIX 2 MIX 3 MIX 4 MIX 5 MIX 6 MIX 7
110101 0l 02 0+ 08 Ol 02 01 92 92 04 01 03 21 02
110102 01 02 ol 02 01 02 0ol 02 ol 02 01 02 Nl 02
110103 01 02 01 02 01 o2 01 02 02 J4 01 02 o1 92
110104 o1 02 04 08 02 04 04 08 02 J4 ol 02 0l 05
110105 01 V2 04 0y 02 0¢ o1 02 01 05 01 03 01 02
110106 o1 32 04 08 U2 04 04 08 ul 05 01 33 01 05
110107 o1 02 04 N8 02 04 01 02 ul 02 01 02 01 02
110108 ol 02 04 08 01 02 01 02 ol 02 01 02 01 02
110109 01 02 04 08 06 12 04 08 o1 05 0l 04 01 02
110119 o1 92 04 08 02 04 04 08 ol 09 o1 07 04 12
110201 ol 02 0102 ©1 02 01 02 oL 02 o1 02 01 02
110202 01 92 01 02 01 02 01 02 01 02 01 02 01 02
110203 01 02 04 08 02 04 04 08 vz 04 01 07 04 12
110204 vl 02 v4 08 02 04 01 02 02 04 01 02 01 02
£10205 o1 02 04 08 02 04 04 08 ol 09 o1 07 064 12
110301 01 02 04 08 01 02 01 02 02 04 01 03 0l 02
110302 01 02 04 08 02 04 o1 02 02 04 01 23 o1 02
110303 01 02 04 08 U2 04 04 08 02 04 01 03 01 05
110304 01 02 04 08 Ol 02 o1 02 ol 02 01 02 0l 02
110305 01 02 04 08 02 04 04 08 0l us 01 07 01 05
110401 01l 02 J4 08 02 04 04 08 o1 09 a1 07 04 12
110:402 01 02 04 08 02 04 04 08 o1 09 a1 u7 N4 12
110403 o1 02 04 08 02 04 04 V8 01 05 0l O« 01 05
110404 01 02 U4 08 02 04 04 08 01 09 01 07 04 12
110501 01 02 04 08 02 04 01 02 02 04 01 03 nl 02
110502 oL 02 04 08 V2 04 e 08 01 05 0l 07 ul 05
110503 ol 02 04 08 02 04 04 Q8 01 05 01 04 n1 95
110601 0l 02 04 08 02 04 04 08 0l 05 01 07 vl 05
110602 01 02 U4 08 02 04 01 02 02 04 vl 03 o1 02
110603 ol 02 04 08 02 V4 04 08 02 04 01 23 01 05
110606 01 02 04 08 U2 V4 04 08 01 09 01 97 L)
110605 01 02 04 08 V2 04 04 08 ol u9 ol 07 24 12
110606 ol 02 04 08 02 04 04 08 01 99 oL 07 04 12
120101 01 02 04 08 02 04 04 U8 02 04 01 04 04 12
120102 01 02 04 08 02 04 1 02 02 04 01 03 01 02
120103 01 02 04 ug 02 04 24 0d 01 09 o1 07 06 12
120104 01 02 o102 01 02 0oL 92 02 04 ol 02 ol 02
120105 01 02 ne 08 06 12 04 08 01 05 01 04 21 05
120106 01 22 04« 08 02 04 04 08 N2 04 o1 97 04 12
120107 o1 02 04 08 02 04 04 06 02 04 0l 07 04 12
120108 01 02 04 08 N2 04 04 08 ol 09 vl 07 04 12
120209 0l 02 O« 08 06 12 G4 08 01 05 01 O« 01 05
120110 01 02 04 08 02 04 04 08 01 09 a1l 07 04 12
120111 01 02 ve 08 02 04 04 08 02 o4 01 a7 04 12
120112 o1 02 04 08 02 04 04 08 U2 %4 o1 07 04 12
120201 01 02 064 08 02 04 04 ve 02 04 01 O« n1 05
120202 01 02 04 08 06 12 V4 06 02 04 vl 9% ul 05
120203 0ol 02 04 08 02 04 04 06 ol 09 0L 07 04 12
120204 01 02 04 08 N2 04 04 Ot ol 05 o1 u7 vl US
120301 01 02 04 08 02 04 04 Jt 01 09 o1 07 04 12



COMPONENT

CODE MIX 1 MIX 2 MIX 3 MIX &4 MIX 5 MIX 6 MIX 7
120302 ol 02 01 02 01 02 01 02 02 04 01 02 o1 92
120401 01 02 04 08 02 04 04 08 02 04 o1 03 ol 05
120402 01 02 V4 08 02 04 N4 08 02 04 01 03 0l 05
130101 01 02 01 02 01 02 01 02 n1 02 01 02 01 02
130102 01 02 04 08 02 04 01 02 02 04 ol 03 0l 02
130103 01 02 04 08 01 02 01 .. L2 04 ¢1 03 vl 02
130106 01 02 04 03 02 04 04 08 02 04 vl 03 01 05
130105 o1 02 01 02 01 02 01 02 02 0% ul 02 01 02
130201 o1 02 0l 02 01 02 01 02 01 02 0L 02 01 02
130202 01 02 0l 02 01 02 01 02 Ol 02 01 02 0l 02
130203 g1 02 01 62 ol 02 01 J2 02 04 01 02 01 02
130204 0l 02 04 08 02 04 01 02 02 04 01 03 01 02
130205 o1 02 04 08 0l 02 102 0204 01 03 01 02
130207 01 02 V4 08 02 04 04 08 01 05 01 02 01 05
130301 Nl 92 01 02 0l 02 01 02 01 02 0l 02 01 02
130302 01 02 01 02 01 02 01 02 01 J2 01 02 01 02
130303 ol 02 01l 02 01 02 01 02 0l 02 0l 02 01 02
130304 01 02 gl 02 01 02 oL 02 02 04 0l 02 91 02
130305 01 02 04 06 02 04 04 08 01 09 o1 J7 04 12
130306 ul 02 04 08 V2 04 04 V6 01 09 o1 07 04 12
130401 01 02 04 08 02 04 04 08 02 04 01 07 04 12
130402 0ol 02 Ve 08 02 04 01 02 02 04 01 03 n1 02
13n403 01 02 01 02 01 02 0l 02 02 04 01 02 01 02
130501 01 02 Va4 08 02 04 01 02 02 04 01 03 01 92
130502 ol 02 o1 02 01 02 01 02 02 04 01 P2 01 02
130503 01 02 0102 01 02 01 02 01 02 01 02 01 02
140101 0l 02 04 08 01 02 01 02 01 02 ol 02 01 02
140102 ol 02 04 08 02 04 04 08 Ol 02 0l 02 01 05
140103 0l 02 0l 02 01 02 01 02 01 05 01 07 04 12
140104 01 92 N4 08 02 04 01 02 02 04 01 03 Yyl 02
140105 ol 02 o1 02 Ol 02 0L 02 02 04 0l V2 01 02
160106 01 02 06 08 02 04 04 08 02 04 01 02 01 05
140107 01 02 04 08 02 04 01 02 02 04 01 03 01 02
140108 0l 02 04 08 02 04 vs 08 01 09 01 07 94 1c
140199 01 02 04 08 02 04 01 02 02 04 01 04 01 02
140201 ol 02 04 08 01 02 o102 0102 0L 02 01 02
140202 0l 02 04 08 02 04 04 08 Ul 02 01 02 01 05
140203 01 02 04 08 02 0« 0l 02 02 04 01 03 01 02
140204 0ol 02 01 02 01l "2 01 02 01 05 01 03 o1 02
140205 o1 02 04 08 02 04 01 02 02 04 01 03 9} 02
140206 01 02 01 02 0l 02 01 02 02 04 01 02 o1 02
140207 0l 02 04 08 02 04 04 08 02 94 01 02 @} 95
140208 0l 02 04 08 02 04 01 02 02 04 01 03 01 02
140209 0l 02 01 02 0l 92 01 02 01 02 0l 02 g1 92
140210 01 02 04 08 06 12 04 08 02 04 d1 04 01 05
140301 01 02 04 08 V2 04 01 02 02 04 01 93 Q1 02
140401 01 02 0102 01 02 oL 02 01 02 01 02 91 @2
140403 o1 02 04 08 01 02 01 v2 0l 02 01 02 91 02
160404 01 02 oL 02 0102 01 02 01 02 01 02 o1 o2
140405 0l 02 04 08 02 04 04 08 02 J4 01 07 04 1z
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COMPONENT

CODE MIX 1 MIX 2 MIX 3 MIX &4 MIX 5 MIX 6 MIX 7
140406 0l 02 04 08 02 04 01 02 o1 G2 01 02 1 02
160501 01 02 04 0Ob 02 04 04 08 02 04 o1 07 24 12
1640502 01 02 04 Vo 02 04 04 U8B uz2 N4 01 03 Jl 05
140503 01 02 04 08 02 0¢ 04 U8 02 04 o1 07 24 12
140504 o1 02 04 08 02 04 0l 02 02 04 01 03 01 02
140508 01 02 01 02 Ol 02 01 02 02 04 01 02 01 02
140506 01 22 04 08 02 04 o1 o2 02 04 01 02 01 02
140507 0) N2 04 08 02 04 04 08 02 04 o1 93 D1 0%
140508 01 02 04 08 02 04 04 Q8 01 05 01 04 ol 05
140509 01 02 04 08 06 12 04 08 01 05 01 04 01 05
140511 01 02 04 U8 L2 04 01 02 02 04 o1 03 01 02
140511 01 02 04 08 02 04 04 08 01l 05 01 04 21 05
140512 0l 02 04 08 01 02 01 02 02 04 oL 02 01 02
140601 0l 02 04 08 0l 02 01 02 01l 02 vl u2 01 02
140602 o1 02 01 02 01 ve2 01 02 01 02 oL 02 01 02
140701 0l 02 04 08 02 04 0l 92 02 04 o1 04 ol 02
140702 o1 02 0l 02 0Ol 62 ul 02 02 04 01 03 0l 02
140703 01 02 04 08 02 04 01 02 02 )4 01 03 01 02
140801 0l 02 04 08 02 04 Vs 08 vi 02 01 92 o1 05
140802 0l 02 04 08 02 04 04 08 01 09 01 07 04 12
140803 ol 02 04 08 02 04 04 08 01 02 0ol 0¢ 01 05
150101 ol 02 0102 0102 01 02 vl 02 o1 02 01 02
150102 ol 02 04 08 02 04 04 08 02 04 01 03 01 05
150103 01 02 01 02 01 02 01 02 02 04 vl 02 01 02
1501C% 01 02 01 02 01 02 o1 02 02 04 01 07 04 12
150105 01 02 0L 02 01 02 01 02 02 04 01 07 04 12
150106 o0l 02 04 08 V2 04 vl 02 02 04 o1 03 01 02
150107 01 02 04 08 02 04 04 08 03 11 vl 07 04 12
149108 01 02 01 02 01 02 0l 02 ¢l 02 0l 02 01 02
150109 01 02 0oL 02 01 02 01 02 o1 02 01 02 01 02
150111 01 02 04 08 02 04 01 02 02 04 01 03 01 02
150112 0l 02 04 08 02 04 04 08 0411 o1 07 04 12
150113 0l 02 04 08 02 04 04 08 0l 05 01 04 0l 05
15011¢ 01 02 ol v2 01 02 01 02 ol 02 a1 02 01 02
150115 o1 02 04 08 01 02 oL 02 02 04 01 03 o1 N2
150116 01 02 04 08 02 04 o1 02 0l 02 01 03 01 02
150117 ol 02 01 02 0l 02 ol V2 ol 02 01 02 ol 02
150118 ul 02 04 08 02 N4 01 02 01 02 01 02 o0l 02
150119 01 02 04 08 02 04 o1 02 02 04 0103 01 02
150129 01 02 04 08 02 04 01 02 02 04 o1 03 01 02
150121 ol 02 04 08 02 04 oL 02 02 04 01 03 01 02
1501 22 01 02 04 08 02 9¢ 01 02 ol 02 01 92 01 V2
150123 01 02 01 02 oL 02 0l 02 o1 02 01 02 01 02
150201 o1 02 01 02 01 o2 ol 02 01 02 01 02 01 02
150202 01 02 01 02 01 02 ol 02 01 02 51 02 Ol 02
150203 01 02 ol 02 01 02 0l 02 01 02 01 02 0l 02
150206 0l 02 01 02 01 02 0l 02 ol 02 01 07 04 12
220101 0l 02 04 08 02 04 04 08 01 02 01 02 01 U5
220201 01 02 ve 08 06 1¢ 04 04 0l 05 0l 04 01 02
220202 01 02 04 08 02 n4 04 08 03 11 01 07 04 12
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COMPONENT
CODE __

220203
220204
220301
220302
220303
220305
220306
220307
220398
220309
220310
220311
220401
220402
220403
220404
220405
220501
220502
220503
220601
220602
22n6n3
220:701
220702
220703
220104
240101
24N201
240202
2602N4
26n3N1
240302
246303
240304
240305
260306
240307
240308
240401
2640402
2406403
240404
240501
240502
240503
2640601
240602
240603
240604

MIX 1 MIX 2 MIX 3 MIX 4 MIX 5 MIX 6
01 02 04 08 02 04 04 08 03 11 01 o7
01 o2 04 08 02 04 01 02 02 O« 91 93
01 n2 04 08 v2 04 04 08 0l 02 01 02
01 02 04 08 02 04 04 U8 02 04 01 03
01 02 04 U8 V2 04 04 08 02 04 ul 03
Ul 02 04 O 02 N4 04 0d 01 02 01 02
01 02 04 08 02 04 04 08 01 05 0l 0«
ol 02 04 08 02 04 04 VB 02 V4 01 03
01 02 04 08 02 04 01 02 02 04 71 03
01 02 04 08 01 02 0l 02 02 04 01 03
01 02 04 08 02 04 04 08 02 04 01 03
01 02 04 08 02 04 04 08 V2 04 01 03
01 02 04 08 0l 02 01 02 02 04 01 03
01 02 04 08 02 04 04 08 G2 04 01 03
0l 02 04 08 02 04 04 08 02 04 01 03
01 02 04 vus 06 12 04 08 0l 05 0L J¢
01 02 04 0d 02 04 0« 08 v2 04 02 8
ol 02 04 08 02 04 N4 08 02 04 02 08
0l 02 04 U8 02 04 04 08 02 04 02 08
01 02 01 02 01 02 01 02 02 04 ol 02
01 02 04 08 02 04 04 08 v2 04 02 08
01 02 04 08 02 04 04 98 03 11 02 08
01 02 04 08 02 04 04 08 02 04 01 03
01 02 04 08 02 04 04 08 03 11 02 08
01l 02 04 08 02 04 04 08 02 04 02 08
01 02 04 08 02 04 J& 08 02 04 02 06
ol 02 04 08 02 04 04 08 02 04 01 0«
01 02 04 08 02 04 01 02 02 04 01 03
01 02 04 08 02 04 01 02 ol 92 01 02
0l 02 04 08 02 04 0l 0¢ 01 02 01 02
01 02 U4 08 02 04 U4 08 03 11 02 08
01 02 01 02 01 Q2 01 02 02 04 0l 02
0l 02 04 08 02 04 04 08 02 04 01 03
01 02 04 08 02 04 04 08 02 04 01 03
0l 02 01 02 o1 02 ul 02 02 04 01 03
01 02 04 08 02 04 04 08 02 94 o1 03
0l 02 04 08 02 04 04 08 a1 05 01 04
01 02 04 24 02 04 04 08 01 05 01 04
01 02 04 08 N2 04 04 08 02 04 02 08
01 02 04 08 02 04 04§ 08 02 V4 02 08
01 02 04 v 02 04 04 08 U2 04 01 03
01 02 04 08 02 04 04 08 02 04 02 08
01 02 04 08 02 04 04 08 02 04 02 08
01 02 04 08 02 04 04 08 ol 05 01 04
01 02 04 08 02 04 04 08 03 11 L2 08
vl 02 04 08 02 04 04 08 02 0« 02 vs
01 n2 04 08 02 04 04 08 02 J4 oL ~3
0l w2 04 08 02 04 04 06 02 04 01 0«
0l 02 U4 us 02 04 04 08 03 11 02 98
01 02 04 08 02 04 04 08 02 0« 01 23
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COMPONENT
CODE MIX 1 MIX 2 MIX 3 MIX &4 MIX 5 MIX 6 MIX 7

240701 0l 02 01 02 01 02 01 02 oL 02 01 02 01 02
2640702 01 02 04 08 02 04 04 08 02 04 92 35 02 06
240703 0l 02 0l 02 ol 02 01 02 0l 02 o1 02 01 02
240704 01 02 04 08 01 02 0l 02 02 04 0l 03 0l 02
240705 0l 02 04 08 02 04 ol 02 02 04 02 05 ol 02
240801 0l 02 04 08 02 04 04 08 03 11 02 08 04 12
240802 01 02 04 08 02 04 04 08 0l 05 02 05 02 06
240901 01 02 04 08 02 04 04 08 01 05 02 05 02 06
240902 01 02 0% 08 02 04 04 08 0l 05 02 08 06 12
260101 01 02 0% 08 01 02 0l 02 01 02 ol n2 01 02
260102 01 02 U4 08 02 04 04 08 01 05 02 05 02 06
260103 01 02 04 08 02 04 01 02 02 04 0l 03 0l 02
260104 01 02 04 08 02 04 04 08 01 05 02 05 02 06
260105 0l 02 04 08 02 %4 0l 02 02 04 0l 02 01 02
260106 0l 02 04 06 06 12 04 08 01 05 02 08 02 06
260107 01 02 04 08 01 02 0l 02 02 04 0L 02 ol 02
260201 ol 02 04 08 02 04 01 02 02 04 0l 03 01 02
260202 01 02 04 08 02 U4 04 08 01 05 02 05 u2 06
260203 0l 02 04 08 02 04 01 02 02 04 ol 03 01 02
260204 01 02 04 08 02 04 04 08 0l 05 02 U5 02 06
260205 01 02 04 08 02 04 01 02 02 04 o1 02 01 02
260206 01 02 04 08 06 12 04 08 0l 05 02 08 02 06
260301 01 02 0l 02 01 02 01 02 02 04 o1 02 ol 02
260302 0l 02 04 U8 02 04 01 02 02 U4 01 02 01 02
260401 01 02 D4 08 02 04 0l 02 02 04 01 03 01 02
269402 0l 02 04 08 02 04 0l 02 02 04 01 03 ol 02
260403 vl 02 04 08 02 04 04 08 01 05 c2 05 02 06 :
260501 01 02 04 08 02 904 04 08 01 02 o0l 02 02 05 !
260502 01 02 04 08 02 04 04 U8 0l 02 01 02 04 12
260503 0ol 02 01 02 01 02 ol 02 01 02 01 02 ol 02 ]
260601 01 02 04 08 02 04 04 08 03 11 02 08 04 12 ]
260602 01 02 01 02 ol 02 0l 02 02 0« 01 02 ol 02 4
260603 0l 02 01 02 01 02 vl 02 01 02 0l 02 01 02
260604 ol 02 01 02 01 02 vl 02 01 02 ol 02 01 02 !
260605 ol 02 ol 02 01 02 o1 02 01 02 0l 02 01 02 3
260606 0l 02 01 02 01 02 01 02 01 02 01 02 ol 02
260607 01 02 01 02 oL 02 vl 02 02 04 01 02 01 02 }
260608 01 02 04 08 02 04 01 02 02 04 ol 02 01 02 E
260701 0l 02 04 08 02 04 04 08 02 04 02 04 02 06 1
260702 01 02 vé 08 02 04 04 048 01 05 02 05 02 06 |
260703 0ol 02 04 08 02 04 04 08 01 05 02 08 04 12 1
260704 01 02 04 08 02 U4 04 08 02 04 02 08 04 12 ]
260705 01 02 04 08 02 04 04 08 V2 04 02 04 04 12 ;
260706 01 02 04 08 02 04 04 08 02 04 02 08 04 12 3
260707 0l 02 04 08 02 04 04 08 n2 04 02 0% 02 06
260801 01 02 01 02 01 02 01 02 0l 02 vl u2 01 92
260802 01 n2 04 08 01 02 01 02 02 04 02 04 vl 02
260803 01 92 04 08 01 02 01 02 02 04 02 06 0ol 02 ~
260804 01 02 04 08 02 04 04 08 0l 05 02 05 02 U6 ]
260901 oL 02 01 02 01 02 01 02 01 02 0l 02 01 02 5
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COMPONENT

CODE X1 MIX 2 MIX 3 MIX 4 MIX 5 MIX 6 MIX 7
260902 Ul 02 04 08 N2 04 04 08 03 11 02 08 N4 12
260903 01 02 04 08 02 04 o1 02 02 04 02 N4 71 02
260904 vl 02 J4 08 02 04 2% 08 02 06 02 08 04 12
60905 vl J2 04 08 V2 04 04 08 02 04 02 28 04 12
260906 01 02 n4 08 V2 04 04 08 ol 02 0l w2 a2 06
260907 01 02 04 08 02 04 o1 02 v2 04 02 04 o1 02
29010 01 02 04 08 01 02 01 02 02 04 92 04 01 02
290102 01 02 04 06 N2 04 01 02 02 04 02 24 01 02
290103 01 02 04 08 02 04 01 02 02 04 02 04 01 G2
290201 vl 02 oL 02 o102 ol 02 o1 02 ol 02 01 02
290202 01 02 oL 02 0102 ol 02 02 04 0l 02 ol 92
290203 ol 02 vi 02 0102 01 02 02 04 o1 02 01 02
291204 ol 02 04 08 U2 04 04 08 o1 05 92 05 02 06
290205 01 02 04 08 01 02 01 02 02 04 02 04 01 02
290206 ol 02 04 08 02 04 U4 08 ol 05 02 05 02 06
290207 ul 02 04 38 02 04 04 U8 03 11 w2 08 04 12
291208 01 02 vi 02 0102 01 02 vl 02 o1v2 0102
290301 01 02 0102 910 01 02 0102 ¢ro2z 0102
291302 01 v2 0102 0102 01 02 o1 02 91 02 01 02
29n313 01 02 04 06 02 04 04 03 02 04 w2 ue 04 14
290401 01 02 ng 08 02 94 04 08 02 04 92 05 02 0o
290402 01 02 04 08 02 04 04 08 02 04 02 d4 02 06
290403 o1 02 0¢ Uy 02 04 04 08 03 11 02 Ju v4 12
296 50] 01 02 04 08 02 04 04 03 01 V5 32 05 02 Vo
290502 01 02 Vs 08 02 04 04 08 02 04 v2 95 02 0o
2960601 0ol 02 04 08 02 04 04 08 01 05 02 05 n2 06
2906n2 01 02 04 08 02 04 04 08 01 05 0298 0279006
290603 vl 02 04 08 02 04 04 Do 0l 05 G2 05 02 06
290604 01 v2 04 08 02 24 04 08 01 05 02 08 04 12
290701 01 02 04 06 02 04 Je 08 03 07 02 05 02 06
290702 01 02 04 08 V2 04 04 08 03 11 02 08 04 12
290703 01 02 04 08 02 04 04 08 V2 V4 u2 08 06 12
2907N4 0ol 02 04 UB 02 04 04 08 0l 02 o1 92 ve2 06
290705 0l 02 o1 02 0102 01 02 01 02 01 02 o1 02
290706 01 02 ne 08 V2 04 0l 02 02 %4 0204 0102
290801 01 02 o1 02 0102 ol 02 0L 02 o1 02 Ul 02
290802 01 02 0102 0102 01 02 02 04 M N2 0l 02
290804 01 02 01 02 0102 01 32 03 07 0294 01 02
290815 0l 02 01 02 V102 01 02 02 04 Q204 0102
29N806 0l 02 04 08 02 04 04 08 03 11 02 08 04 12
290807 01 02 o1 02 01 02 oL 02 01 V2 01 02 01 02
290808 o1 02 04 08 06 12 04 UB 02 04 0205 02 Ve
290809 01 02 04 U 02 04 04 08 o1 02 1 J2 02 06
290819 01 02 04 08 02 04 04 08 03 11 02 08 0e¢ 12
29n811 o1 02 01 02 vl 02 o1 32 o1 02 oL 0z 9102
290812 o1 02 04 08 02 04 04 08 03 11 D2 v8 D4 12
290901 01 02 04 08 02 04 04 08 01 62 21 02 02 vb
2901902 ol 02 04 08 02 04 04 08 01 02 1 92 02 06
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COMPONENT

CODE MIX 1 MIX 2 MIX 3 MIX 4 MIX 5 MIX 6 MIX 7
2909N3 01 02 04 08 02 04 04 08 01 02 01 02 02 06
29190 01 02 Us 08 02 0N& 04 08 02 04 04 10 N3 16
291002 0l 02 vé 08 02 04 01 02 02 04 02 04 Ul 02
291003 o1 02 06 U8 Q2 V4 01 02 03 07 04 10 91 02
2910064 0l 02 04 08 Q1 02 nl 02 02 04 02 04 01 02
201105 01 02 04 08 02 04 04 08 02 04 04 10 08 16
291006 01 02 04 08 02 04 04 08 03 11 04 10 N8 16
291007 01 02 V4 08 02 04 04 08 02 04 02 05 02 0o
410101 01 02 04 08 02 04 04 Ouv 05 13 0ée 10 08 16
410102 01 v2 Ne 08 02 04 04 0B 05 13 04 10 02 26
416103 o1 02 V4 08 02 04 v4 08 05 13 04 10 08 16
410104 01 02 04 08 Q2 04 04 08 25 13 04 10 08 1o
420101 01 02 01 02 o1 02 o1 02 0l 02 01 02 08 1o
420102 01 92 04 V8 02 04 04 08 02 04 01 02 02 vo
420103 01 02 Ve 08 02 04 01 02 33 017 04 10 08 16
420104 01 V¢ 04 08 02 04 04 08 05 13 04 10 03 16
420105 oL 02 04 08 02 0¢ vl 02 vl 07 04 10 01 02
420106 01 92 04 08 02 04 04 08 02 V4 04 10 28 16
420107 01 02 D4 08 02 04 V4 08 03 07 03 96 02 06
420108 01 02 21 02 g1 02 01 02 02 24 91 22 o1 02
420109 01 02 04 08 01 02 o1 02 12 04 02 V4 vl 02
©202M 01 02 01 02 o1 02 01 02 ¢l Q2 01 n2 01 22
421202 ¢1 02 0« 08 02 04 04 08 02 04 01 22 vy le
420203 o1 w2 04 086 02 04 oL 02 03 07 v2 U4 0l 02
420204 01 02 04 08 92 04 U4 VB 05 13 04 10 08 lé
42n205 0l 02 04 08 02 04 01 02 Q2 04 02 04 ul 02
420206 0l 02 Ul 02 g1 02 01 02 ol 02 ol 02 01 02
420207 01 02 04 08 2 04 01 V2 01092 01 02 01 02
420301 01 02 04 08 2 04 04 08 05 13 0% 10 08 16
420302 0l 02 04 98 02 04 04 08 01 02 o1 02 01 02
440101 01 02 04 08 02 04 04 98 02 04 02 04 08 16
440102 01 02 04 08 02 04 04 08 02 04 02 04 08 16
44C103 01 02 ol 02 1 02 Ul 92 02 04 g2 04 vl 02
440201 o1 02 0l 02 01 02 01 02 o0l v2 ol 02 0l 02
441202 ol 02 01 02 91 02 01 02 01 02 02 0% 01 02
440203 01 02 04 08 02 04 01 02 02 04 02 04 ol 02
440204 01 02 04 08 02 04 04 08 0Ol 02 vl 02 02 06
440205 01 02 04 08 02 04 01 02 02 v4 w2 N4 oL 02
440206 01 02 04 08 02 04 ué 08 05 13 02 V4 04 16
450101 ol 02 01 02 o1 02 vl 02 vl 02 01 02 01 02
450102 01 02 01 02 01 02 0l 02 )1 02 01 92 01 02
450103 ol 02 0l 02 01 02 91 02 01 02 61 02 61 02
450104 01 02 04 U8 02 04 Ul V2 02 04 N1 M2 Ul 02
45n105 01 02 0l 62 o0} 02 0l 02 01 922 g1 02 01 02
450106 o1 02 04 08 (2 04 94 08 05 13 24 10 vd 16
450107 ol 02 04 98 Q2 G4 04 08 03 07 03 06 02 06
450108 ol 02 04 08 02 04 04 08 93 07 03 06 02 06
450109 d1 02 04 08 g6 12 04 08 03 07 03 06 02 06
450110 01 02 01 02 vl 02 01 02 02 %4 V2 04 08 16
450111 ul 02 01 02 0l 02 vl u2 vl v2 01 02 ol 02
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COMPONENT

TS M PR

CODE MIX 1 MIX 2 MIX 3 MIX 4
450112 01 02 04 0B 02 04 04 08
450201 ul 02 Ué 08 02 04 04 08
450202 01 02 ué 08 c2 04 V4 08
450203 0l 02 04 08 02 04 04 08
450204 01 02 01 02 01 02 01 02
450206 01 02 04 08 02 04 04 08
450207 01 02 04 08 02 04 01 02
450208 01 02 04 08 02 04 04 C8
450301 ol 02 04 08 02 04 ué 08
450401 0l 02 04 08 ol 02 01 02
450402 0l 02 04 08 02 % 04 08
450403 01 02 04 08 02 04 04 08
45040¢ o1 02 oL 02 01 02 01 02
450405 01 02 04 08 ¢l 02 01 02
460101 01 02 04 08 02 04 04 08
460102 Ul 02 0l 02 01 02 0l 02
460103 01 02 ol 02 01 02 01 02
460104 0l 02 04 08 02 04 04 08
460105 0l 02 04 08 02 04 04 08
46N106 01 02 04 08 02 04 04 08
460108 01 02 04 08 02 04 04 08
460109 01 02 04 08 02 04 04 08
460110 01 02 04 08 02 04 04 08
460201 01 02 04 08 02 04 04 U8
460202 0l 02 04 08 02 04 04 08
460203 01 02 04 08 02 04 14 QA8
460204 01 02 04 08 02 04 04 08
490101 0l 02 04 08 02 04 04 08
490102 01 02 04 08 02 04 04 08
490103 01 02 04 08 02 04 04 08
490104 01 02 04 08 02 04 04 U8
490201 0l 02 04 08 02 04 04 08
490202 0l 02 04 08 02 04 04 08
490203 0l 02 04 08 02 04 0l 02
490204 0l 02 04 08 02 04 04 08
450301 0l 02 D4 08 02 04 04 08
490302 01 02 04 26 02 Q4 04 08
490303 0l 02 J4 08 02 04 04 08
4903064 01 02 04 08 02 04 04 08
490305 0l 02 04 08 02 04 04 08
490206 01 02 v4 08 02 04 04 08
490307 oL 02 04 08 06 12 04 08
490401 01 02 04 08 02 04 04 08
490402 01 02 04 08 02 04 0« 08
49N501 vl 02 04 08 02 04 04 08
490502 01 02 0« 08 02 04 04 08
49n503 0l 02 04 06 02 04 04 08
490504 01 02 04 08 0l 02 ol 02
490601 01 02 04 08 02 04 04 08
490602 01 02 04 08 02 04 04 08




COMPONENT

CODE MIX 1 MIX 2
490603 01 02 04 08
4p06N% 01 02 01 02
490605 0! 02 04 08
490606 01 22 04 08
490607 01 02 34 08
490608 01 02 04 08
490609 ol 02 01 02
490610 01 02 ue 08
490611 01 02 04 0b
490612 d1 V2 04 08
490613 01 02 04 08
490614 vl 02 04 08
49N615 01 02 04 08
490701 0l 02 04 08
490702 01 02 Ul 02
490703 0oL 02 04 08
490704 ol 02 04 06
490705 0l 02 04 08
490 706 01 02 04 08
490801 01 02 04 08
490602 Ul 02 04 08
490803 01 02 04 08
490901 0l 02 04 08
490902 01 02 U4 08
491001 01 02 04 OB
491102 01 02 04 08
491003 01 02 04 08
5101 M ol 02 04 08
510102 01 02 04 08
510103 0l 02 U4 08
510104 01 02 04 08
510105 0l 02 04 08
510106 01 92 04 08
510107 01 02 04 08
510108 01 02 04 08
510109 01 02 04 0t
510201 01 02 04 VU8
510202 0l 02 04 08
510203 01 02 04 08
510204 o1 02 04 N8
510205 01 0¢ 04 08
510206 01 02 vl 02
510207 o1 02 01 02
510208 0l 02 01 02
51n3nt ol 02 04 08
510302 n1 02 04 08
510303 ol 02 04 06
510304 01 02 04 08
510305 0l 02 04 08
510401 01 02 01 02

MIiX
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MIX 5 MIX 6 MIX 7
02 04 N2 04 01 02
02 04 01 92 0l 02
0?7 15 04 10 08 lo
a7 15 Ce 10 68 16
J1 02 Ol 02 03 07
V2 04 02 04 01 02
0l 02 01 02 0l 22
02 04 02 e 0l 02
02 04 02 %4 0l 02
02 04 04 10 08 16
03 05 04 10 03 07
071 15 04 10 08 1o
07 15 04 10 08 lo
02 04 U2 04 01 02
v2 04 Ul 02 01 02
03 07 04 10 03 07
07 15 02 N4 0l u2
07 15 05 11 08 lo
02 04 03 06 03 07
07 15 05 11 08 lo
07 15 05 11 03 16
03 07 05 11 03 07
02 Q4 02 0« 01l 02
02 04 02 04 03 07
07 15 05 11 08 16
02 04 02 0« n3 o1
07 15 05 11 08 16
02 04 N2 V4 vl 92
02 04 05 11 08 16
vl 02 0l 02 23 97
V2 04 05 11 vd le
02 U4 ns5 11 U8 16
02 04 ¢5 11 08 leo
01 02 0l 02 U3 07
U2 04 05 11 08 le
02 04 05 11 08 lo
C2 04 05 11 08 16
02 04 v2 N4 08 16
02 04 V2 04 08 16
0l 02 01 22 v3 o7
02 04 05 11 038 16
02 04 0l 02 )1 02
02 N4 05 11 08 leo
02 04 02 Ne us le
03 07 w2 Ne 903 07
07 15 05 11 08 leo
03 07 02 D% 03 07
03 Q07 05 11 08 16
03 97 U3 ueo ul 07
02 04 01 02 01 02



I O S Dy ey N T, s

COMIOMNENT

CODE MIX 1 MIX 2 MIX 3
510501 01 02 04 O& 92 04
510502 01 92 04 Ob 02 04
510503 01 02 0l 02 oL 02
510504 Ul 02 04 08 02 04
510505 0l 02 04 Od 02 04
510601 01 02 01 02 01 02
51r602 01 02 04 08 02 04
510603 01 02 04 08 02 04
510604 01 02 04 08 02 04
510605 01 02 01 02 01 02
510606 01 02 04 08 02 04
510607 01 02 04 08 01 02
510608 01 02 04 08 02 04
510609 0l o2 04 08 C2 04
510610 01 02 04 08 02 04
510611 0l 02 ol 02 01 02
510612 01 02 0« 08 02 04
510701 01 02 04 08 02 04
510702 01 02 04 08 02 04
510703 01 02 04 08 0z 04
510704 0l 02 04 08 02 04
510705 01 02 04 08 02 04
510706 01 02 04 08 02 04
510707 01 92 04 08 02 04
510708 01 02 04 08 02 04
510709 01 02 04 08 02 04
510801 01 02 01 02 01 02
510802 01 02 V4 08 02 04
510803 01 02 04 08 02 04
510804 0l 02 04 08 02 V4
510901 01 02 04 08 02 04
510902 01 02 01 02 01 02
51N903 0l 02 04 08 02 04
511101 01 02 04 06 02 04
511102 Ul 02 U4 08 02 04
511103 01 02 04 08 0l 02
91n1N1 01 02 04 08 02 04
910102 0l 02 04 08 02 04
910201 01 02 04 08 02 04
910301 01 02 O« OB 06 12
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APPENDIX VII
FLIGHT-READINESS INSPECTION MIX

COMPONENT

CODE PRE-FLT POST-FLT DAILY
11010!

110102 1
110103 1
110104 1
110105
110106
110107
110108
110109
110110
110201
110202
110203
110204
110205
110301
110302
110303
110304
110305
110401
110402
110403 1
110404

110501

110502

110503

110601 1
110602
110603
110604
110605
110606
120101
120102
120103
120104
120105
120106
120107
120108
120109
120110
120111
120112
120201
120202 1 1
120203

120204

120301 1

g
- Bl )

st gue
P pe §-0

—
=

=t gt put jud pus
Pt et s puit Pt

- g
s
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COMPONENT
CODE PRE-FLT POST-FLT DAILY

120302 1
120401

120402

130101

130102

130103

130104 1
130105

130201 1
130202

130203

130204

130205

130207 1
130301

130302

130303

130304

130305

130306

130401

130402

130403 1
130501

130502 1 1
130503

140101 1
140102
140103
140104 1 1
140105 1

140106

140107

140108

140109

140201 1
140202

140203

140204

140205 1
140206 |
140207
140208
140209
140210
1401301
140401
140403
140404
140405

- g
Vgt g P

Pt s b et Pt b puut P

-

=t ot ps
= s gt
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COMPONENT

CODE

14N406
140501
140502
140503
140504
140505
16n506
14n507
140508
140509
140510
140511
140512
140601
140602
140701
140702
140703
140801
140802
140803
150101
150102
150103
150104
152105
150106
150107
150108
150109
150111
150112
150113
150114
150115
150116
150117
150118
150119
150120
150121
150122
150123
150201
150902
150203
150204
220101
220201
220202

PRE~-FLT
1

= o

pad gt gt gt

g

- gt put gt Pt

o gt Pt et gt pust

POST-FLT

DAILY
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(SN N ) ot Pus Pt ud gt

Gt s Pt st Pt Gt Pt Pt b

Pt ettt b Pt put Pud



DA L i i

COMPONENT
CODE

PRE-FLT

POST-FLT

DAILY

220203
220204
220301
220302
220303
220308
220306
220307
220308
220309
220319
220311
220401
220402
220403
220404
220405
220501
220502
220503
220601
220602
220603
220701
220702
220703
220704
240101
240201
240202
240204
240301
240302
240303
240304
240305
2403n6
240307
240318
240401
2640602
240403
260404
240501
240502
26405M)
240601
240602
240603
2640604

et gt gt e

s e

s e

[
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COMPONENT

CODE
240701
240792
2640703
2401704
240705
24640301
240802
240901
240902
260101
260102
260103
260104
260105
26n106
260107
260201
260202
260203
260206
260205
260206
26030
260302
260401
260402
2604013
260501
260502
26N503
260601
260602
260603
260604
260605
260606
260607
260608
260701
260702
260703
260704
260705
260706
260707
260801
260302
260803
26C804
260901

PRE-FLT

P gt gt b b st o b

o

POST-FLT
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s et Pt Pt et Pt

st Gud put b Pt Pud Pt Gt Db b
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COMPONENT
CODE PRE-FLT POST-FLT DAILY

26N902

260903 1
260914

260905

260906

260907

290101

290102

290103

290201 1
290202

290203

290204

290205

290206

290207

290208 1
290301
290302
290303 1

290401 1

290402

290403

290501

290502 1 1
290601

290602

2906Nn3

290604

290701

290702

290703

290704

290705 1
290706

290707

290801

250802

290803

290804 1
290805 1
290806

290807 1 1
290808

290809

290810

290811

290812

290901

290902

P T

= gme
Pt Pt g Pus

——

gt o
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COMPONENT
CODE

290913

291n01
291002
291003
291004
291105
291006
291707
410101
410102
410103
410104
420101
420102
420103
420106
42N105
420106
420107
420108
42N109
420201
420202
4202n3
420204
420205
420206
420207
420301
420302
440101
440102
440103
440201
440202
440203
€40204
440205
440206
45010
450102
450103
450104
450105
450106
450107
450108
450109
450119
45011

PRE-FLT POST-FLT

1
1

3

1

1

1

1

1

1

1

1
1
1
1
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COMPONENT
CODE PRE-FLT POST-FLT DAILY

450112 1 1
450201 1 1
450202 1 1
450203

450204 1 )]
450206

450207

450208

450301

450401 1
450402

450403

450404 1
450405

460101

460102

460103 1 1
460104 1 1
460105

460106 1 1
460108

460109

460110 1

460201

460202

460203

460204 1 1
490101 1
490102

490103

490114

490201

490202

490203

490204

490301

490302

490303

430304

490305

490306

490307

490401

490402

490501

490502

490503

490504

490601 1
490602 1 1
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COMPONENT

CODE PRE-FLT POST-FLT ILY
490603 = i
490604
490605
490606
490607
490608
490609
490610
490611 1 1
490612
490613
490614
490615
490701
490702
490703
490704
490705
490706 1
490801
490802
490803
49n991
490902
491001
491002
491303
510101 1
510102
510103
510104
510105
510106
510107
510108
510109
510201
510202
510203
510204
510205
510206
510207
510208
510301 1
510302 1
510303
510304
510305
511401

P
s o

- s g
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COMPONENT
gggi PRE-FLT POST-FLT DAILY

510502
510503
510504
510505
510601 1
510602
510603 1
510604
510605 1
510606
510607 1
510608
510609 1
510610
510611 1
510612
510701 1
510702
510703
510704 1
510705
510706 1
510707
510708
510709
510801
510802
510803
510804
510901
510902
510903
511101
511102
511103
910101
910102
910202
910301

o e

(S
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APPENDIX VIII
MODEL OPTION C OUTPUTS
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APPENDIX X
MODEL OPTION A ARD B OUTPUTS FOR

RECOMMENDED INSPECTION SCHEME (UH-1)

0°00¢
0°001
0°00%

0°001

0°008
0°00%
0°00%
0°001

9°008
0°001
0°001
0°00¢
0°001
0°00%
0°001

(21 )¢
R139
TALNE

991

1341
1t

e © © o o
Q@ O N O N

LE

(123

€z

Ly

e o 0 ©o o
© 0 0 O =~

*6

*1y

€9

114
€z
£4]
122

o = © 0 0 0 0 N
- w 0 © 0 O 0o v

€€

4089V 1NOBY JUE]
133 NOIS ud3iv
-NI -Sin HIOSNN

e

yZz

esl

k43

r44

[44

v2

Tl

8

et
€L
62

FUE)
Yd3aw
A3¥d

98L
69
€9y
(+]

L ZA

Z1y

€2
ozt
€12

Test
621
*1
12t
L 241
L£1
oL
61

H/W
Iviol

112 682 6% 1€2 143
o1 1 L ] *< H
9%1 192 ot 09 e
[4 4 1 S z9 6
€y oy (1 09 9
[[3¢4 9 s€ 16 €1
1 [ 19 o 1
1€ 4 19 (] 3 (¢
L 4 9z o1 o€ 2€
EET L4 st o€ $9

60L 092 Z91 o0y 89T

9zl o z 1< s
[ ] [ 6 (4] .

1€ oy a2 ot ot
L 43 1 € 2 €l
68 o€ 4 £ €1
2s€ 911 sl 1zz e
9 9 0s 0 [

H/M H/W [ 14 ] H™ vivd
dd3w WM d SNT d5N1Y =33
HISNN  AdNe 1,243 “¥*d4 HISNN

SWNOH=-IN9114 000°0T ¥4 S3ivy

AWV WNNNS LININOJNOI FNINIS NNT1DI4SNI

ivl

st

62

€y

8t
oz

Wivd
-3%
Adnd

»1

91

N N ¢ @

vdad

IL0L WILSASANS
1INV SS3IIV 3 TEVAOWIY
ONITROI/ONINIYI I TRVACKIY
WSHIIW HILYT Wd1T4/7TIM0I/7¥000
ONITWN0I/7¥000 SS3ITIV TIINIH
N3LSASENS IM0I/W000 SS3IIV
TVL0L WILSASENS
HSINVHIIW NOSILI3f ¥W0OO
WSINVHI3INW HILYY OO0
YOO0Q NIBYD GIBNIH
OO0 NIGYD ONIOILTS
#3ILSASENS WO0Q NIBYI/L114%I0D
TVAAL WILSASENS
1¥0ddNS /7 YNNI ANY
O0TOH ONYH/d33S
NOILIIS ¥WIAZIVIEGVIS TWINODI «OH
ROONIN
GT1ITHSONIN
NINS
YIINTWLS/INVYS
HILSASONS ISVESNS

NILSAS Invviuly

FUNLY TIININON

0s0€01T
0y0€01T
0€0€011
0T0€011
000€0T1

osozot1l
0402013
ozozotl
ot10zZo11

0002011

oco11011
0601011
0801071
0»0T01Y
0€01011
0zZoTo1Y
ototr011
cooro1t

0030011

anm

T-HN - 7300W 03M
22 - 3ININIS IShI

246



0008 ] ] 1 [\] 1 1 [} 1 [ ) o 1 TINVYd OVIHYIAD 0£01021
0°009 [+] o s o i 9 o T o 9 4] 1 TINVd LNIWNVISNT OTOT021

WIL1SASENS L11d4%I07 0001021

WILSAS INIWLYYINWOD IOVTRISNY 0000021

4 01 “0s vy 1062 9ve 1 %9 092 628 1€y [2%4 TVLO0L WILSAS
] 0 81 S 86 1€ 'S €l 9% 6 € TYI0L HILSASENS
0°008 [} 0 0 0 1 ] 0 0 0 * 0 1 ONI 11134 WOOH 05¥Y) 0609011
0°00% 4] ] Z ] € 4 [+] 1 o 1 0 v ONILLT3 ¥Y3ID ONIGNYT 0409011
0°00¢ 0 o 6 3] 2z [ ¢ 0 3 [J 9 [+] v ONILLIJ HIVLILY KOO09 1TIVi 0€0901Y
0°001 ] ] 0 L4 6 L 9 4 o s € 1 9NI11134 XOQuVYID/NOISS INSNYYL 0209011
0°00y [} V] L o €9 41 1 z 9 I 4 o 9 ONTLLT4 3IHTIONT 0109011
WILSASENS LNIJOJOUVH/ONILLI4 0009011
o ] [+14 -] €S ez 1 134 o 6 v TYi101 WILSASENS
0°00% [+] [} $ 1 8 S 1 r4 0 € h 4 v JUNLINYLS LddNS DY WIINYH 0€0SOTT ~
0°00% (4] (] (1} 0 1 . 0 Q [} L] [} 4 NIVY0/¥3ddNIS 020s0T1 %
0°001 ] ] st 3 vy €2 11 o1 [ 9 4 t4 TIYNIVI4 0105011
SASENS TINNNL/ INIWLIBYINGD 9N3 000SOTT
0 0 (14 € IR “y 1] 8 L4 €1 1 WI0L W31SASENS
0°008 ] [} 1 [\] [4 4 [ 1 o 1 /] 4 MWIVYL 1v3iS 090401Y
0°00y (-] ] et € 601 ov i i S 9 1 ' THANYd ¥00T4 0€0vOlT
0°008 o '] S 1] L 9 ] 1 L] 9 ] 1 FIOSNGD INIWNYLISNT O0T040T1
SASGNS WOIWILINTI NISVI/L1dN30D 000401Y
dSNI 4¥DEVY  L¥0GVY i3 iN3 H/w H/W H/W H/W H/n Wiva ¥ilvd \ L JYNAY TINIWON Nk
niae 113 NOIS ¥dé3in dd3d v Ivioca Yd3W WeIW dSN1 dSNT -3 -3
TALINE -NX -Siw HISNN Advud HISNN  A3Nd oHDS “¥°4  HISNN AJud
SUNOH-1H31 14 000401 ¥IJ S3ivy
2 Jovd AWV NHNS ANINOINOD IWIHIS NOXLLI4SHI nlﬂ..N- - w“w““ mwwﬂ




1 k4 os1 1 24 95 [ 143 9201 € o 0s oz Tvi0L NILSASSNS
0°00y 1] 0 L 1 €y i 1 v 1€ L 1 L 1¥0ddNS N1 SSO¥I 0v0T0€1
0°001 ] [} 0s s 26t 184 o1 [} (44 € 1 4 3aNl SS0¥I 0fotToEl
0°001 o ] o1l S 2% 12 i S st s € r4 JOHS 3IBNL OINS 02010€1
0°001 1 1 " it 62 o6l 9 91 sY } 24 *1 Z 39Nn1 QIxS O1010€1
KILSASAINS IdAL QINS 9W 000T0€T
HILSAS ¥VID SNIONVI 00000&1
o z 9 S 062 *L 9 [4 3 6L 9 9 TL0L HILSAS
] 0 [4 4 411 81 4 Z1 (1. ol € WL01 WILSASENS
0°009 ] o 1 0 L4 . 0 € o * o [ I3NVd 13XNHYIE NOLLYWMNSNI 0€02021
0°00% ] ] E4 T Z6 4 1 € 144 € 4 " 1139 4v1 0202021
0°008 o [ ot 0 12 1 ) 19 o 9 o 11 Av3S ¥3IINISSVE 0102021
WILSASRNS NIOYD 0002021
1] 4 59 € €Lt 9s v 0z €6 (11 4 IVL0L WILSASENS
0°008® ] o S [+] 9 [ ] 1] ] 9 o L ¢ Y08 39v¥0LS 4NV IUVdS 0211021
0°008 (] o S 0 S < [ o 0 9 (4] 1 3Sv) 4V Ol1102Y
0°00% 0 0 1 0 € 1 (4] 4 0 1 ] 4 WSNHIIN 3SVINIW NIIND 174 ¥WYY 0601021
0°008 ] ] 1 [ 4] i . (] ] o * o 4 13§ 31¥Y74 wWOWMY 0801021
0°008 [+] [+) 14 [+] 89 14 [+] 1 29 i /] L4 1739 JVI/SSINYVH ¥I0 NOHS 0L0T021
0°008 ] ] 4 0 s€ z ] z 1€ € ] 4 T33¥ VI1N3NI 0901021
0°008 (4] () 1 ] € 1 [ ] 2 o 1 ] z NSINVHIIN INIWISNFrOVY LV3S 0501021
0°001 [ 1 L T4 € *y o€ € o1 o €2 € 4 NOIHSNJ/1v3S 1011407710114 0v0102Y
aSul 4¥09Y 1wOuv iu3 JUE] H/w H/N H/W H/W MM divéd ¥ivd véd FYNLY TININON MR
R139 473 NOIS YéI v 4d3 Y Iviol ¥d3¥ Wd3IV dSN] dNY -3y -
TAINT -N1 -SIn HISNN A3ud HISNN  A3Ve aHIS ‘¥4 HISNON A3Nd

SUNOH=-1HO I 14 000°0T W34 SIAVvY

T-HN - 1I00N OT13H
€ Iovd AUV NSNS ININOIN0D ININIT WO J1I34SNT 2T - 3IW3INIS dSNI

248



1 € zZs1 9t €6y o2 i 96 12¢ L 73 22 TvLI0L W3LSASENS
0°00¢ ] 0 0 Q 1 L [} 1 o . 0 L4 Tv3S/1009 0012041
0°001 [+] [} I3 ¢ z €€ 22 € '3 L] I 1 k4 ATEWISSY L1NITOVHS IINC4 0802Z0%1
0°00y [+] 0 [44 4] 101 66 1 1 o t£4 (4] Z INVEE ITLINGVH 0102041
0°00t ] 1 vE [£4 80t €Y 8z st €2 9t t € J13 SWEV/¥IAIV/INVYI 0902091
0°001 o [+] » € €1 L v L4 a9 v € 6 00Y¥ 1INd-HSNd 0502051
0°001 (4] (4] -} 9 1¢ T11 ] €1 o v k 1 3ani 3NOWOL 0402091
0°001 ] 1 SE [4 y01 9 € s o€ [ 24 '4 [4 WIILS TOWANCI DITIAD 0102041
RILSASENS ST0UAINDI D17IA) 0002041
1 € 9s1 |9 18y E114 16 6% 9 €6 i WLOL W3LSASENS
0°001 [+] o i L4 (8 [ s v o S € € IV3S/1008 0601041
0°001 o 1 91 v $9 L X4 £ sl €z 8 4 € J43 “WYV/W¥IAI 1/ MNVED 0501041
0°001 ] 0 t i 8y v o1 11 €2 4 9 € oy I INd-HSNd 0401041
c°008 o ] 1 o 9 L] 0 4 c ] [+] 1 3IGN1 INDYOL OED 10w
0°00Y o 1 1e 1 191 Lst 1 4 o Ty [4] 4 I%NVHE NOY1D1wd OZ0T041 m
0°001 ] 1 *" €9 s81 6% 173 (14 0t {14 S€ L4 ATEN3SSY NIILS IAILIITINCI OT0T0VT
SASENS STIND H3ILTE IAL1I37I0) CO00TOHY
HILSAS STCUINOD LHOITd 0000051
¢ [4 el 1¢ t€is 1521 o1l 6% 8 9% [£4 IWL0L WILSAS
4] 1 & € ez 1 14 $ ? 9 4 WAL0L W3ILSASENS
0°001 o il 6 € (¥4 21 L4 S e 9 [4 1 . 36N1 OIS 1jva 0ZOSOET
WILSASBNS OIXNS T1ve 000S0€1
asul 4908V 1408V w3 iw3 H/w H/n H/w H/M R/ uivd uivd vd0 FYNLY IININON NN
niie 17 NO1S udi ¥ ey viot Ud3y Ne3IV dSNT dSNY -3 -3y
TALNE -N1 -Sin HISNP Add HISNA  A3¥e OHIS ‘W3 HISNN ANd

SWNOH- 1H91 74 000°0Y W3d S3IiVvy

TI-HN - 73006 DBI¥3H
v 3%v¢ AMVMNANS IN3SNOGWOD 3IWINIS ND[1I2dSNI 2Z ~ 3WINIS JSNI




(] € 18 o€ [ 243 Lol €$ Y1 68Y *s o€ Wi0L WILSASENS
0*00t © o L 6 9€ $ 11 €1 L z L 1 ATOWISSY NIVHI 0215091
0°00¢ © (/] L F4 €l ] 4 € 0 9 2 o1 Ov3 IV CTTIS0%T
0°00tl O ¢ st 6 69l ¢ €1 oL (13 11 ] L] FMIMNINYNL ZATVEWIASSY 371552 0015001
0008 © o 1 o P4 1 o 1 ] ¢ o ¢ INYUOYND 0605041
0°008 O 0 9 1 8 9 1 4 [ L x 9 A3TWNd 0805091
0°00y O /] L 1 L 4 1 1 o | ¢ o 1 ATONIASSY LINITIAVED 32¥04 0205041
0°001 © o 8 1 91 €l 1 2 [ v 0 1 3uVHE J113INTYN 0905041
0°00T o© ] st L 691 02 z2 (.14 L]} [ 21 o1 213 “WYV/¥3IAI T/ WNVYD 0505091
0*001 © o z 1 6 19 X o€ (L 1 [ 8 a0¥ 1INd-HSNd 0%0S0¥1
0°00y © (] 6 0 zZt ot (] 4 ] L 0 2 WSINVHIIN LNIKLSNFOV TWQ3Id 02050¢T
9°008 O 1 €1 ] 91 st o i c ot ] v AVOMASSY Y034 0105041
NILSASENS SIOWINDI YOI0¥ TIVL 000SOv1
z [ 992 L€l 198 10¢ t4 ¢4 (1) (L] 16 19 WA0L WILSASSAHS :OJ
0°00% O (] 4 (] 2 2z o (/] 0 1 o 2 IV3IS/1008 I1VIJHSYAS 0SO0¥01 ~
0°001 O (] 98 Ls es2 SET 60 11 €2 L3 12 € 313 *¥IAIV/00U/WNIT 090¥0v1
0001 O 1 (11 9 0€2 oe €8 (11 o€ (14 2€ | ATIHISSY IAIITIS I YOSSIIS OEOVOYT
0°001 k ¢ y %01 €2 12€ s81 184 oot [ 1] 1€ 8 1 ATENISSY I1VIJHSYRS 0104041
KILSASONS SIOWINGD 1SYN 000041
o ] ] ] sot [\ o1 og < o 1 Ivi0L MILSASENS
000t © o ] [ sot . o1 os se . v 1 ATGNISSY ¥IXIN STIOUINDI OLOEO%]
WILSASONS NWIXIW STIDUINOD 000E08T
4SN]1  LN09VY  1¥0S9V JUE] ITE] W H/W  HM™ H/W H/M  uIvd wIvd vdd 3WNLVTIININDN A
n130 14  NOIS Wd3W  Wd3W  IVI0L ¥4I UYdIW 4SNI  ASNY -3 -3y
JALN] -NI  -SIN HISNN  A3ue HISNN A3¥¢d  OWIS ¥4 MHISNN AN
SYNOH~ L9114 000°0T ¥3d S3ivy
s  39vd AWV HHNS ININOSHOI INIIS NN11I34SNT -n.mu - wuwm.u.u wMN...




0°001 1 4 6% 62 sol i 113 o1 st | 13 [24 1 ATBWISSY ¥VE ¥I7T1T11E8VLS OLT1061
0°001 c o 'S é *9 o1 6 [ o€ 9 I L4 COU/38N1 T0YINOI O91106T
0°001 4] 4 8L i€ 191 66 (13 i ST 69 82 z WNIT HI1Td 011051
0°00% 4] [} 1 (4] 81 1 "] 1 st 1 o 4 N¥OH HI11d OE1105Y
0°001 ] 4] € 1 (44 s 4 H o€ Z 1 L4 Y10AY¥3ISI¥ 10 8NN 0601051
0°001 1 L4 661 L ] 0S¢ st ol sY 9y 4 1 ATBNISSY OnH 080TOST
0°008 o ] 1 [ 1 L] 0 ] o * 4] t4 135 dVULS NOISYOLI-NOISNIL OL010ST
0°001 [ ] 0 L s oL z1 ] oz [+1 3 v € z ASSY/ONISNOM INTA¥YA HIL1Id 0901051
0°00% ] T € o 22 1 1 1 st € 0 4 3IJvvE 9v¥0 0201061
0°001 [ 4 L4 (1 1t *9% 161 L X4 oy 20¢ E43 S 4 ATGW3ISSY 30VTE “¥°W 0101051
WILSASENS WOL0W NIVW 000TOGT
MILSAS VOI0V 0000051t
v 9 689 (X443 o8z 9501 sy 009 S99 6€€ 861 TA0L WILSAS
o 1 8 9 sl 1 [} S €9 € 4 WIO0L N3L1SASSNS ...N.J
0°o01 ] 1 % L 4 92 s ° €1 [ 1 1 1 39N1 INDY0OL 0€0L091 ™~
0°001 ] [} L] 1 es [ 1 61 1 43 ] o S 213 *WYV/¥IAI W/ WNYVY) 0202041
0°001 o 0 € 1 [ X3 > 1 t£4 134 t 1 9 ao¥ TING-HSNd 0101041
WILSASENS STOWINDD ¥OLVAIII 0001041
o 4 8y (11 8st £ 4 9€ i €S €€ 92 WI0L WILSASENS
0001 o T 1€ 1t e9 €€ E4 4 st €2 o1 z ANTIT IONYHI HIL1d ©209041
0°001 ] 1 i1 €z 06 [ A *2 ot 113 ot 91 % WAS/0VIH SSOND 0109047
SASGNS TWIND HOLId ¥OLI0¥ TIVLI 0009041
dSN] LW08Y 1809V in3 N3 N/ H/w H/W H/W H/ wivd yivd vdd IVNLVIININON nn
ni3e 44 NOIS ¥d3v vdid Iviod ¥d3¥ ¥d3IW dSN1 aSN1 -3y -3
TALN] N1 ~Sin HISND A3dd HISNN  A3Yd aHIS *H°d  HISHN Adud
SUNOH-IN9E 14 000°0T %34 S3AVY
] 3I9ve AYVWWNS ANINOIWOD INIHIS NOI1I34SNI -lom«u. - wnw““nt NMM-.




0°008 [ 1] o 1 ] t4! 1 ] € * 1 4] 1 W14 3nd 0L0€022
0°0cs ] ] 1 (4] t 1 ] 0 (4] 1 0 ¢ MMnd 1S00A 13N 090E022
0°00y | z oz ] 1 T4 €z o 1 [ [ 4 o 1 YONYIAOD 0IIJSYIAD 050€022
0°008 0 o |} [+} v 1 ) € [ J 1 [+] 1 ¥3111d CAY3S 0£0€022
0°008 ] 0 1 [ L ] 1 [+] € o 1 4] | | YINIVELS TO¥LINOD 13N3d 020€022
0°00% [ 1 9€ o is * Q 9 [ ol o 1 ATBWISSY T0WINCD 13N4 O010€022
W31SASONS TINI INIONI 000€022
[} ] € 9 9t 9 [ € [ 1 € WL0L KILSASUNS
0°001t o (-] € L ] [} d [ 4 (4 1 € 1 GI3IIHS3INII 0¥0Z022
0°000 (4] [} o 0 1 L] 1] ] ] . [ 1 13NNV NOTLIVINSNI 0£02022
SASINS SIN3INGWOD 3T18IVIdI¥ INI 0002022
1 v 16 4 00s 602 v £414 (124 €€ 1 TVA0L WILSASONS
0°00y 1 v 16 z 00s (174 L4 £414 131 €€ 1 1 ATEWISSY INION3 OTO0T022
WILSASBNS ATEWISSY INISNI 0001022
HILSAS INIONI L4VHSOOWNL 0000922
$ 61 1141 €0z €161 916 [ 7% 4 L 734 €sE $92 (19§ TIVAOL WILSAS
1 [ 621 S€E 862 *91 €y 2 (1) "% 62 TVAOL WALSASANS
0°001 1 4 [ 7] [ X4 [ T4 18 €€ i ® F44 12 1 ATWISSY 8NH 0€0Z0ST
0°001 1 s (19 [} 591 €9 ot oz 92 > ] z ATGNISSY 3QvIE “N°L OT020s1
WNILSASENS WCLNY TIvL 0002051
v 1t 91y 9 9191 ziL 622 (14 [J 34 (1] 1€l Wi01 WILSASENS
[ ) [ ] ] *1 L 23 6€T I3 4 26 o€ ] [ 29 4 U3INVYO WIAZIVIOVLS 0811061
sl A¥DEvY LuO@vV id3 in3 H/W H/N H/M LI n/u vivd ¥ive véd FWNLY IININON ELL
Alae i NOLS véiv ¥4y Wi0L a3y wdIV¥ dNT dSNT -3y -3y
TALNI -u3 -Siu HISND Aud HISNN  A3Ne aHIS °¥°4 HISHNN Addd

SYNOH-1H3174 000°01 ¥I4 S3ivy

T=HN - 360N 013
A I AUVMNNS ININOSHOD WIS NOTLIIISN] 22 - ININIS dSu!

252



0°008

07003
0°00%

0°001
0°008

0°00%

0°008
0°00y
0°00
0°008
o*oot

0°00¢

0°009

SNl
ni13e
TAIN]

4] ] 1
0 L4 €2z
(1] 1 L4
0 0 1
[+] 4 1t
o £4 1y
0 4 1€
(1] ] €
[ o L
[+] 1 1
] V] €
(/] o 1
(1] [} 1
(] [} '4
& ] L
Z S 9
[ t [
1 1 [-24
LW09Y 1u09V w3
14 NOIS ud3 v
-N1 -S1Iw HISNN
39vd

e o ©o o

" O & 0o O m

iw3
Yel¥
Aivd

< [4 b 1 [J 1

i oy 1 9 o L4
LT oz | $ o ]

z 1 [+] 1 [ 1

61 [ 4] [ [ s

26 19 s ¥Z [} L 24
18 0s 9 (14 (4 oz

v € [} [ [J [4

L] i 4] 0 [ 19

26 L1 v 12 .13 [44
v2 v [ [ [3) €

11 2 0 1 e 1

[ 1 [ ] L 1

] 2 [ 9 ° L4

(33 1 € '3 €1 $
$51 el 1 st (%4 iy
oz 8 1 1 2t $

8y o€ 4] 1 L] $

H/n H/n H/w H/v W/ uive

Ivics wd3i¥ wd3n ¢SNT dSN1 -3

HISNN  AJNd OWS ‘W4 HISWNN
SUNOH- IS 174 000°0T w34 S3ivy

AWV INNS IN3NOJWOI 3WINIS N 1LIFASNI

©C O m mn © ©o o o

N O 0 © O m

¥lvd
-3
A3wd

- N -

vdéd

3S0¥d SNIDJI-1LNV 0104022
NILSASANS ¥IV O3I3 T C00:L022
IL0L WILSASENS
9NV4 ¥ILINDT 009022
SSINUYH NOLLIND1 0209022
¥ 1IYI NOILINDT 0109022
M3ILSASONS NOILINODI ut-wlw 0009022
TWAL0L #ILSASONS N

AN3IN3T3 ¥0123130 3¥l4 0€0S022

ATN3SSY SSINYYH WII¥LIITNI 0206022

HILINS 1531 0105022

NILSASANS IWII¥LIITI AINIONI 0005022
WAI0L WILSASANS

ISOH/3INLT 0504022

¥37300) V10 BI1-01-D11 0404022

WILTI4 O 0609022

¥3INIV¥LS 110 0209022

MNY1 1G 0104022

WILSASSNS NOILVIIWENT INIONI 0009022
TPLOL MILSASENS

ISOM/3NIT OTlg022

GI0JINVE 73NJ INTLVVLIS I NIVW 001€022

FYNLY TININON Ll

T=4ft = T3IU0K DIIM
2Z -~ 3M3INIS 4SNI

253



0°001
0°001
0°o01

0°001
0°00y
0°001
0°001

0°00Y
0°001

0°001

0°00%
0°008
0°0ce

(o)

n139
TJALNE

©

© © o © c © 0 o o

S 06 © o m

1¥09v

13
-N1

- Q0 O = © © 06 o o N N O ©

© © o o

1909y
NOTS
~Sin

842
%8
92
ot

0z

ol

6€

[ 24

2

91

AM3
LT EL ]
HISNN

L
1 2
€1

9y

L02

68

€6

12

t44

€€

© © 0 o ™~

i3
Yd3y
AJud

zZ101
iL82
111 ¢

06$

[4-)
34
691
1 341
602

L61
{14
9
AN

L6
*€
z1
sl

H/W
Ivi0L

AWVNMNS ININOGNOD IWIHNIS WO 11I34SN]

18¢ 1€l 151 292 6 £4 TVA0L M3L1SASENS
etl 9z 19 [ 73 1 11 1 ASSY X0O¥v3I9O ¥010¥ Ilvi 0509092
£43 st (3 €S [ e 1 ASSY X08¥Y3I9 J1IvIOIWYIINT 0409092
1c€ 06 13 € 6€ €1 1 ASSY NOISSINSNVYL WOLINY NIVW 0€09052
N3ILSASENS XOBWYIS/NOISSIKSNYEL 0009092
[-X4 s€2 Z61 SEE 11 [£4] TL0L W3ILSASEANS
* 66 o2 o€ - 69 L 4 ONTYY3I8 YIDNVH 0502097
2 9 z2 €6 ot € E4 s dKYTI) SNITIN0D 0L L1IVHS 0902092
L] €01 09 mn . [41 [4 3dAL NYNZ - ONITIN0D 13IVHS 0€02G92
4 Lz 06 16 1 81 9 L3VHS INVId ¥IROd XNV/°¥"L 0102092
SASONS ¥I] ¥IR0D4 XNV/H0L10% VIVl 000Z)92
(4 9% 62 19 [ 2 ¢ T TVLIOL MILSASENS
S 1 > st 4 [ 2 dHYT) INITEN0D 01 1J4WHS 0401092
1] 8 ol ot v S 4 3dAL NINT-OINIVWNG) 1IVHS 0€OT09T
[+1] 99 st st £4 ] i 1 44VHS JAT¥A INIONI 0101092
H3LASASONS SIATWO NSWX NIVW 0001092
M3ILSAS NOISSIWSNYYL - S3IATNO 0000092
oLy sz L4 4 k414 1 " WAL01 M3LSAS
62 T S (] 13 ¢ ] WVA0L WHIALSASSNS
1 1 1 o 9 o s 3SOH/3NIT 0vOL022
el 1] [1] [ € o T AT813SSY IATVA ¥iV 0€£01027
4 0 € o 1 4] 1 YANIVULIS/NOLVALIV 033 WHIV 0200022
H/wm W/ H/N w/w ¥ivd Vivd vad FUNLVY TININON NN
Wd3¥ eI dM1 dSNY -3 -3

HISNA  AJvd aHls “¥°d  MISNN Adud
SUNOH~- AN 174 000°0T ¥3¢ S3ivM

I-HN = WTOOK 01N
2Z -~ 33NIS 43N

254




WILSASENS NOTLONANT ¥IV 000€062

] [} € e 19 € sl oz L 14 t4 o1 IVL0L W3LSASENS
0°001 ] ] € LA 19 € sl oz Lx 4 L4 o1 1 ASSY ¥OLVYVdIS 3VII1¥vd 0102062
SASENS ULYVLIS ITILUVE U1V ONI 0002062
o 3 0z 2z 601 8z Z€ 2z 9?2 It 1 IVAO0L MILSASENS
0°001 ] 0 S L4 ez 9 S 3 " € € t4 ONIYY3I8 LNNOKW 3INIONI 0201062
0°001 ] 1 sl el 08 2z i st 91 ] 11 € ANNOW 3NION3 Q11062
SASONS NOISNIISNS/INNOW 9N3 0001062
SAS NOILVTIVISNI INV1d ¥3IR0d 0000062
> t4 ] oly 98¢ 0§92 969 els 1L5% [4.7% 951 L6l TA0L WILSAS
o ] 1w 29 111 801 26 oL 09 oz 1z IVi0oL W3ILSASENns
0°001 ] 0o 9 L 4 62 e S I3 | J L] € ) ¢ ANIY 1417 0£08092
0*001 [+] [} iz st t£44 9 [ 14 zi 8t ° > $ ¥3dWva 0208092 vy
0°001 [+] o L€ €y ost L 2 19 0% st o1 €l 1 ATGNISSY LINNOW NOTAd 0108092 ”.._./_J
HILSASENS SINNOW 0009092
1 € (44 1 (11 9z 1 6 €2 b4 1 IVAOL WALSASENS
0°00y [ ] 4 s L s zt 1 Zz ] s [4) o1 ASOH/3INIY 0104092
43 NT NOTLIVIOTIV 3WIL ON 01 300 NOILI34SNI *¥°3d ON
0°008 [} 0 1 0 1 1 [+] [} [ 1 0 1 JATVA D11IVISONYIHL 0901092
0°008 (4] 1 t4 4 (4] 12 z1 1] ] L 9 0 1 ¥3700) 110 0$0.092
0°008 ] [+] ] [ t44 [ ] 4] 9 91 * [+] ez ¥ILI4 110 040L092
HWILSASOINS TI0 NOISSINSNYYHL 0001092
dSNI 1¥0SY  Lw0eV AN3 in3 W/ W H/u H/M H/MN H ¥ivd yivd véd FUNLY IININON nm
ni3e 14 NOIS LTER LLER ] Ivi01 W3V Wd3IN dSNY dsN1 -3 -3¥
TALNT =Nl -Sin HISNN Adud HISNN  A3vd GHIS *¥°4 HISNN AdNd

SWNOH-IHO I T4 000°0T ¥3d S3ivY

T-HN - 7300M 013N
ot 3I9vd AWV NS LNINCIWO FWIIDS NDSLIIISNE ZTZ - ININIS 4SNI




0°00y
0°008
0°009

0°001

0°008
0°009
0°00¢
0°008

0°00¢

0°002

0°001

4snl
Rije
AN

0O O O = =

A¥09v
114
-NI

IWve

o O 0 m m

© © © o o

1409V
NOIS
~SIin

1s
Z€

N 0 N O »v

1€
| k4

i3
ud3n
HISNO

~ld

9
8y
1t

e 0 © o
-

o © © o o
~N

01

{24

€€ L6

1€ 64

UL HS W
yd3iy IVLO0L
A3Jud

09 1 L L 1
Ly (1] 1 o 21
1t [} (] o L)
[ ] (] ] (1] [ ]
€ 1 H4 [ 1
) ) § S [ €
. [\] [+] 4] L]
r4 [} 0 (4] 1
- ] 1 (/] [ J
i 0 € (] 1
1] o T st €
9 o T sY z
r4 (] 4] (] 1
z o v ® 2
1 [} Z (] 1

A 4 (4] 4  J 1
SE L€ ot 1 4 91
[43 (413 S ] *1
€ 4 H L 4

MW HiMN MW H/v
Nd3d  wadw dml dSNT -3

HISMN A3Nd awls *¥°d HISNO

SWN0H- IH31 T4 000°0T W34 S3ivy

AUVIMNS LMINOIWNOD INIHIS NOILII4SNI

wivd

8 o o o o

© ©o © o o°

-]

oz
81

uivd
-
A3ud

wt el s e

WL0L WILSASSNS
YOLVEINID ¥31uVLS
GIONZI0S Y3 L¥ViS
AVI3Y ¥ILWVLS
HILIAS ¥ILUVLS
W2 LSASENS 1¥VIS
TWL101L W3ILSASENS
SSINYVH ININIA
JATYA CGION30S
HILIARS III-ILNY INIONI
YOSNIS JuNiv¥3dwii
WILSASOANS III-3G/3III-TINV OSN3
TVAOL NILSASENS
IASOH/3INIT
3ATIVA ¥iv 03378
W3ILSASONS ¥iV G3IITW L4V¥OUlY
TVLOL WILSASENS
ONIVdN0I74WVY 1) Id1dN1V1
341471Vl
HILSASONS LSAVHYI LIvENIIY
WWA0L HILSASENS
WIMVYHI HNNT4/710N0 13 W1

N33¥3S 13WI1

JYNLVYIININON

T-HA -

0901062
0£0L062
0201062
0101062

000L062

0409062
0€09062
9209062
0109062

0009062

0205062
0105062

0005062

0€0%062
010%062

0009062

020€062

010€062

NN

13006 0TI

2Z ~ IWNIHIS JSNI

256



[ 1 8z
0°00% [ 1 st
0°008 [\] ] 1
0°008 (] 0 o
0°001 o ] o1
0°002Z 4] ] 0
0°001 [} 0 €

1 $ (14
0°00y ] [ ] Lt
OF 00y 1 4 1t
0°00y 0 4 12

4 14 os
0°008 [+] o T
0°001 1 4 i€
9°008 0o ] 1
0°00% 1 € (13
0°00¢ o (4] 0
0°001 [ ] 2
0°006 0 0 v
aSNi AWDSY LM00V i3
Ri38 4 NOIS ydI

TIALNT N1 -SiM HSNN
T Ive

i 191 €y
1 [ 231 92z
[+] 1 -
[+] 1 .
€ 9z 1
o 1 ]
€ 0z L4
1 /X 4 t4 24
o L2 92
o L 234 24l
(] (34 vy
2zt €1€ 101
o < ]
° Z9 (-3 4
] L4 *
1 (3 F4 )
o 1 .
L [ 1 4
0 (11 s
iM3 /N H/N
¥y TIvi0L Wiy
A3ud HISNN

¢« O M © O N O

[

o ¢ O = O

HW/N
¥d3¥
A3wd

4 O O 9 ©

Q N = m -

- N O

-y -t

W/
dSNI
aHos

(10 ] 81

st t4

o

o | J

] -

0 *

[ ] 1

0 601

o €1

o 8

o [4

91 8s

[ *

o €

[ L]

0 ) ¢4

o [ J

L4 4

1€ 1
M/~ vivd

4SNY -3

¥4 HISNN

SUNOH-1N3]1 14 000401 ¥3d S3IAVY

AWVMNNS ANINCLNDD INIMIS MO 1I34SNIT

© O O - © =~ O O =~

-y

©c ¢ ©0 0 0 ® O m

wivd
AIdd

t24

-y

4 .

N ® N = N

veéd

TVL01L WALSASANS
ISOH/IANITY
JATVA 430-1NHS CION3I NS
JATIA SSVAAS J1AVESOWNIHL
¥31700) 1o
1IN0 ¥3INGCI8
Y3 M08 ¥3100) I0
WILSASENS NOI1VIT ¥ENT L13VEdVUIY
TALOL WILSASENS
AIND ONINWYYM 0100V
X0D8/730173130 LINIT ONINYYA wdY¥
HILIRS 3ATLISNIS 033dS 3INION3
H3LSATOINS ONINYVA WY
IL0L MNILSASENS
ASSY SSIAINYYH TYIIu1IITNI
WOLWNLIY T0YINOD WdY
HILIAS WiNL
X089 3V¥) YOLlYSN3IdWOI 400d¥a
I3s/10089
FOVANIT TO0WINOD 3INIONI
WSINVHIIN dT1¥9 L1SIAL 3T210WHL
WILSASENS ¥IAIT YIN04/31110WHL

YNNIV IININON

0100162
0900162
0500162
0900162
0€00162
0200162
0000162

0€06062
0206062
0106962
0006062

0Z18062
01168062
0018062
0608062
0808062
0908062
0€08062
0008062

0m

T-4n - 7300M OI3IM
22 - INIMIS 4SH]

257



0°000 ]

0°00%
0°001
0°001
0°008
0°002
0°008
0°001

0°001
0°001
0°008
0°009
0°001
0°008
0°00¢

asul
ni139
TALINE

€T 3Jov4

© © 6 o 0o ©o o o

O O O w 0 m =~ M

iy
-N1

- © © m O ®

Mm -

C O © =»m O N N W

sl

43¥09v  Lu0eY

NOIS
-SIn

(244
L4

(13

[
[ X4

0s
i
[Y 4

e

iN3
¥diy
HISNN

os
91
44

- 0 o m & m ©°

1%

JUT)
dl¥
A3vd

€9¢
*s
F414
2
¥2
ot
61
o8

L1y

T

H/n
Iviol

[ 0 o (] -

Z61 99 06 st 1€t

€ 61 114 ® r4

8 [14 o€ ] 98

'3 L2 ¢ 2 o 1

t£4 o 4 [ 'S

[ 1 4 o 9

81 0 1 0 11

*s I3 [+14 0 21

18 1t (Y4 (] i€

[ 13 s 9 (] ot

6€ L4 L ] oz

L o (] [ 1

€ (1] 4] o z

1 1 [ 4 ] 1

9 ] 1 ] 4

[ ] o 1) [ [

E419 n1 [ 241 (313 8€2

H/M H/% H/N u/w wivd

¥d3¥ ¥e3¥W dSN] dSNT -39

HISNN A3¥d OWIS °¥°d HISNN

SUNOH~-AHS ] 14 000°0T W34 SI1vye

AWV WNNS LNINOINOD INIMNIS NOT1IISSKI

N O = 0 ™

- 0 0 m N ©

o o

29

¥ivd
-3
AJdd

vd4o

TF3INVd T04LNCD HILIAS HILSVYNW
SASENS NOJLINGIVWLISIO ¥Ad 13313
WLOL NILSASUNS
WY 4MNS A¥ILLVE
A¥311ve
37IVL430Y
VILIWNIT ANIVEND
Avi3d
YOIV MNII¥ IVVLW0A
YOLVI¥INID
HILTASSNS AVdINS ¥INMO4 20
WLOL NILSASSNS
HILINS T0WINOD
YILNIANS
W3I4IL3Y YIWVNOISNVEL
WIAWYOISNVEL
ITIVLIEIIY
WLINIT IN3NUND
AV Y
HILSASUNS d4IR04 IV
HILSAS TWII¥L1I3IMI
WLI0L WIALSAS

FYNLVYIININON

TI-HN -~

010€02y
00002y

oL0ZOZY
090202y
0502029
Uy0202Zy
0€0Z02y
ozozozy
0102024
0002024

0601029
080102%
oLo102e
090102y
080102y
0%0102¢
otot02y
000102%
000002y

MR

1A0M 0713

22 ~ IWNINIS 4SNI

258



0°0901 1 1 oz
0°00t [+] € [4

[ ] 4 402

] [4 ez
0°0089 (4] o - 1
0°001 o o 4
0°00¢ 0 | 4 s
0°001 ] 1 9z
0°001 (4] o 92
0°001 (-} ] zz

[ [+] 6s1
0°001 (] 4] iy
0°008 (] 0 $6
0°008 0 o I3 §

€ € *22

[} 1 %
0°00y ] 1 9%
4SM] A¥W09V  190avV pUE
nilze 14 NOIS ud3y

JAINIT -Nl -Sin HISNN
1 39vd

m O MM = O O

Q = O M~

8s

AN3
Yl ¥
A3vd

iy

-1

09
862

€4
L1t
(3
o€

[£4
98
[4 31
1319

€9
t4 ]
29

H/u
Ivi02

[ 24 r4 o1 e st
I8 ¢ L '8 f €t
69¢ 14 12 902 8ce
2st [ i1 »11 0¥l
1 0 /] 8 1

v 1 1 [ €
€9 1 T 2 [ 1/
(13 € i L7 %€
62 9 1 (34 Lz
s2 v z ® L 24
112 o1 v zZe 661
L9 8 4 e (314
921 ¢ 1 L 41 L33 ¢
€ [ 0 1€ L 24
1€€ 8L (134 st (1.3
8s 1 €2 o 92
8s 1 t 44 o 2

/N H/n H/N H/M™ vivd
Ud43¥  wd3IV SNl N1 -3
HISMN AN aHdSs “¥*d  HISNO

SUNOH- N9 114 000°0T ¥3d S3avM

AWV HNNS ININOGNOD IWIMIS NOTLIZESNI

w ~ n = © ©°

o = 9 ©

19

¥ivd
-3
A3wd

€2z

ved

dHNd I1 NVYB0AH
W1 OAYWISIY
SASSNS ITWISTA/7ANN0S 1 MYNOAH
N3LSAS WINOE O] INVNOAN
WLOL WILSAS
IVL0L WILSASENS
TINVS 0WANOD
1INN ¥IHSYI4
AHSIT NOISIT0I-14NV
AH911 NOI LVWYO3/NOTILESOd
AHIT T HWV3S
LAHOIY ONIONVYY
H3ILSASONS SLHAIT wOIW3sx3
TVA0L WILSASENS
TINVd 0ULINOD
LHIE Y INIWNUASNT
AHOI Y NISVI/L114%300
WILSASONS SAHITT ¥OI¥3LIND
W2LSAS INTLIHOIY
WLOL WILSAS
TVA0L WHILSASENS
MIVIR 14VIDNIY

FWNAVIININON

0Z0105e
01010Sy
00010%y
080005y

090209y
050209y
OvYOZOVvY
0€0Z0vY
0Z0Z0YY
010Z0vy
00020%%

0€010vy
020104y
010109¢
0001094
000009%

0Z0€0TY

NN

T-HA -~ 73008 03K
22 ~ ININIS 4N

259



o 9 96 9 L8E 184 L] st €1 Y € TVL0L W3ILSAS
o 9 96 9 48E 1l & SéL €91 sy € TWI0L WILSASENS
0°008 o 1 < o € [4 [+] 1 | )/ /] L] NIv3n dwnS 0011094
0°009 (4] 4 € o S € o 4 0 4 [+] 4 SATVA ONTIIN430 060109
0°00% [+] 1 2z 1 Z61 82 4 L SSY 1t 3 0y JSOH/INIT 090109%
0°00% ] 1 i 0 12 i o S L /' 1 1 ¥A17Is 13Nd 0€0T109%
0°001 o 4 (41 € 99 t44 & oz ] ¥1 2 4 dKNd dkNS 0201094
0°008 Q ] 1€ 1 21} .37 < 113 (4 L 1] L 4 T332 1304 010709
WILSASENS 1YLISIO/AN4dNS 13nd 000109y
®3iSAS I3nd 000009y
€ 91 s0€ 20¢ 11eT Y8y eZ¢e L2 S€Z LY 621 WiL0L WILSAS
€ 5 14 zn 258 19€ ede L1867 ot »01 96 IVI0L RWILSASENS
0°00y o M ¢ Z st 1t € 2 o € 1 € IATVA ITWISYIAJNIL 09020<y
‘0001 € L] L1z oLl ¢ £} (1111 L2 s9t CE 1ot 56 v Y3ANITAD 090Z05% m
WILSASENS 1S009 I1 MNVUGAH 000205%
1 9 %9 o€ 9sY (X4 9% €9 soz t48 £ 43 IVL0L WILSASENS
0°00% [+] o 3 o 661 9 [ 8 L7 L 0 sy INITV/3ISOH 0211059
0001 o L4 81 L4 62 22 v € [ (44 4 1 HJLIAS OT1T0Se
0°00¢ /] [} 1] 4] 1 . 0 0 n ] [+} 4 JATYA NIVHO 06010S%
J°00- 4] o - ] ¥l [ ¢ [+] € [ ] 0 o1 IATVA HNIIHD 080T0SY
€°008 o o o (4] 1 * (1] (4] n [ ] 1] 1 3ATVA QIONITOS 09010§Y
0°001 o [+] T4 0z €1 6€ 2t (114 [ €2z €2 b4 YALTTS DIINVYIOAH D90TOSY
oSN1 AWy 1308V W3 iw3 N/N H/NW H/N H/MW H/w vivd divd vdd FWNLYIININON Bl
ni3e 174 NOIS dd3 ¥d3y a0l ¥d3d ud3N d SNI dSNY -3 -3y
RLYU -N1 -Sin HISNN AJud HOSNN  A3ud QHDS *¥*4 KISMN A3¥d

SWNOH-1HO 174 000°0T wW3d S3ivy

T-HN - 300W 013H
sl 39vd AWVuiiiS ANINOINGD ININTS NNILIIYSNI 22 - 3W3IHIS dSNI




0°008
0°001
0°008
0°901

0°00¢%

0°008
0°001
0°00y
0°008

© 0 0 =~ O

0°00y
0°008
0°008
0°008
0°00%

4SNI

Lo

niL3e A

JALN]

M 3Iwd

-N1

o 0 o0 » O ¢ - O © 0 ©

© 0 © o ¢ © o

1309V
NOLS
-Sin

o M © 9

-4

W3
LIED ]
HISNN

© m © N ©

- N O m

© © © 0 0 O -

AN3
ud3iy
A3ud

*1

t44

i3

901

oy

1 Y4

[l L 4 -t [ 4 [ L]

H/u
IVL0L

) ¢ 4] 4] (] )
6 € 2 o €
4 0 T [.] T
6z 9 4 [ 1]
€1 1 € [} v
(34 1 €1 (14 £
1 0 0 0 1
£ 43 4 4 o ]
9 1 4 o €
9 o 4 91 €
L 4 [+] 9 €2 1
3 1 ) J 0 [
[ [+] t o s
€ o [} o 2
] o [(] o 1

[ ] [} 1] ] [
- o z ° ]
1 (1] o 0 1

H/W H/™ H/N w/w
¥d3¥ ¥d3IN dSN1 dSNY -3y

HISNN  A3Nd GHIS “¥*4 HISNN

SUNDH-1INS1Td 000401 ¥W¥4 SI vy

AYVIMNS ININOGNOD IWIMIS NOILDI3dSNI

¥ivd

O N O = ©

o N~

© O O =

o © © © © o o

ulvd
-3¥
AdNd

- N et et

[

L I N

o N = = N N

v4d

TJINVS T0WINDD LY3IH NISYD

HIL1IMS 3dNSSIdd uly

1200 WILVIKR/NDILVIIANIA

WIROTIE MlY

ATSNISSY ¥ILVIH NOILSNENOD

SASENS 203430/1Vv3IH NOT1SNENDI
TIVLO0L HILSASENS

AVEY 3Svan

QION3IT0S ISVIV

379V2/1V03d ISVITIY ONNVD

ATAWISSY NOOH 09Wv)

ATOMNISSY NOISNIISNS OI¥Y)

WILSASONS NOISNIISNS 09uVvI
WACL W3LSASENS

v

Wiy 0V

SSINUVH ONINIA

AV Y

NOLON ¥3IdIN

TINVE TO¥LNOD ¥IALIMN

WI1SASENS ¥IJIN OVFIHSONIN

NILSAS SITLITILN SNOINVITIISIN

FYNLVTIININON

T-HN -

0501069
0502064
0F0L06Y
0202069
0104064
0001064

05090&4
0405069
0€090&9
0209069
010906%

000906%

0l0E0&Y
090€06%
0¥0 €056y
0t0€06%
0Z0€06y
010€06¢
000£06Yy
000006%

anm

BGOW 013N

22 - ININIS dSNI

261



0°006
0°00Y
0°208%
0°00¢
0°008
0°0CY
0°009

0°001

0°006

0°co8
0°00¢

0°00%

0°00%

dSNI
ni3e
JALN]

11

ot
-
o
©

] 0 4
1 1 €
[+] o L]
0 0 4
(] [} 3
[+] ] €2z
] [+] ]
] ] Tt
F4 9 (1]
] 1 L
] 1 L
n [} L]
(1] 0 2
[} 0 0
o 0 4
(] 1 9€
Q o a
1409V L8089V 1w3
134 NGIS we3 ¥
-N1 -Sin HISNN
39vd

“ © o0 © o

cy

-

O O © ©

13
Yal
A3Yud

€91

[] 1

[*] ]

992

sl

EE44

94

H/W
WiGL

o€l € *1 st o1

€ o 0 0 4

iy [+] S o 9€

s 4] 4 o L]

[4 ] 0 [ L4

o1 0 4 o 9

*€ [+] 1 [ t{4

6 o ] o i

61 € 4 L4 21

ezt 91 €y eL €9

9 0 9 o i

] o 9 0 i

9 4] o €

€ [} 4 o 4

s o 4] [ ]

Zz (4] 1 ] 1

es ol 91 (12 <z

S (4] 2 (13 S
HiW H e H/W H/™ ¥lvd
BdiW Hadd dSN1 dsNT -34

HISHN Adsd oMl S *¥°d  HISNN

SUNDM= IHS1 74 000°0T ¥4 S3ive

AW NS ANINOIWOD INIHIS NN 1IIASNI

o N O O © 0 © ©0 ©o m

©c © o o

L 4

dlvd
-3
Adud

WLOL W3LSASENS

-l

YOAVIIGNT 3J0INg ISINWD
¥OLVIIAGN] 30Nn11i1v

d1 IS/Nuni

O¥A9 TYNOILI3W0
eWID 40 3Iivy
W313INILTIV DI WAINNYVE

SWI T) TVIILN3A

N N N N N N N

Q33 4SHIY
WILSASENS SYOLVIIONT 1HODIT4
NI LSAS AINIKVHLSNI
WL0L WILSAS
Ti01 WILSASENS
L ¥01J73130 dIH)
SASENS 01331340 d4IHD I21¥103 13
W01 WILSASENS
[ T4 1IN0 ¥3ILVaH
1 JATIVA CION30S
T TINYJ T0UINOD
N3IL1SASENS S0U43G/41VIH ¥lv Q3376
IVA0L WILSASENS
o1 INITY T3N4 WILIVIH

Ydd FUNLY TININCN

T-HO -

0601018
0L0T01S
090101$
0501016
040101%
0c0101sS
0Z0101s
010101y
000101s

0000015

020606%

000606%

0t0606%

020R06%

OT0506Y

0006806%

UI0L0 6y

INK

T300W 0T13H

22 = 3IMAHIS dSN]

262



0°008

0°001

0°008
0°008
0°30%
0°006
0°00%

0°008
0°00%
0°001
0°008
0*00%
0°008
0°00%

0°008

dshil
K138
TALN]

1

© 0 ©¢ o © o

© © © o o o o o o

130§V

39vd

174
~N1

o o © 0o o o

-~ N

- O

© © 0o © o

19GaY
NOLS
-Siw

© O N 9~

-l

*9

oz

w3
4d3d
HISNN

i1

o © 0o 0 o ©

L2

L6
9Z

o O -~

ol

st

c2

o1l

©c 0o 0 o e©

im3 H/W
¥dla L0014
A3dd

6 0
[+3 €
[12 ¢ £
i 2]
4 0
€ [/}
. [
* V]
1 (]
L8 4
s o
o1l (¢]
€1 1
€ [}
61 [}
6 0
» (4]
€ (1]
H/NW H/W
Yd3y weIN

HISNN  A3ud

-t -3

- O O o

M M ©

H/™
4N}
OHDS

1%

2 2 © o 9

2 O 92 o

H/N
dSNT
.‘.&

)

1z

3¢

o1

¥lvd
-39
HISNN

SUNOH-AHS1 T3 000°0T WIS SILvy

ASVRNNS LNINOAWOD INIHIS NDILIIESNI

- O O N © © 6 o © ©°o Lal

o & o o ©

ujve
-3y
A3ud

e

- = N

véd

SOLVYIIONI J113N9VH O1CVY
W3 LSASANS SSvdwDd
IWLI0L W3ILSASENS
SSVJWODY DI13NSVN
SASENS SHO1VIIONI TYNOI LIVSIAVN
AvL0L WIALSASHNS
3ATVA Nivdo
ISOH/IANTT
HJLI®S 1V3H L1011¢
Ov3IH J11vaS
aviu 10114
W31SASENS JILVvLiS 10114
WVL0L W3LSASENS
IHOTT NOTLINVYD
LHSIT ONINYYP Ul ¥IISVW
1HIIY NDIZNVYD ¥3ILISVYM
AVNAVEIIWIL VIV IAISLINO
¥307)
¥ILIWQYDY 20
¥W31INLITIOA 20
¥ILINLTIOA DV

SASG@NS SINIWNULSNI LHOT T4 ISIM

3¥N1VIININON

010.01¢

000¢<01s

010401s

0004014

04%0£01s
0Y0€01S
0c0£E0Ts
020€01¢
0IGEQTS

CO0E0TS

080201S
0L0201¢
090201¢
0s0201g
0%0201s
0€02Z0ts
0Z0201s
010201s
000201s

ne

T=HN - 73004 OI3IW
22 = 3IWINIS dSNI

263



0°008 o 1 $

0°001 [} 4] £
0°008 o 0 L
o L4 9zl
0°009 0 ] v
0°002 ] ] 92
0°009 o 0 €
0°00v [ 0 ol
0°00Y ] [} Z€
0°00% o [ ] v
e 00y ] (] 2t
0°001 o 0 9
0°009 4] o 0
0°001 ] 0 €
0°00¥ o [4 1 ¢4
0°00% ] ] 3
1 1 €9
0°00% 1 1 X4
0°001 o [ €2z
0°008 o ] 14
asul 4089V 1wOeYv w3
ni3e 13 NOIS ud3ly
TALNT -l ~SIw HISNN
ot 3I9vd

- O

N O 0 O = O =~ O ©0 ©

o m O «

iw3
iy
AdNd

L1 [} ] [ | ] ?
9 € 1 Z ] €
[} ¢ s ] 0 L] €
0%2 €91 8 L 24 % 101
i b4 ] € [ 4
*9 zy L4 €1 L] [
v L4 0 o o 4
oz 21 o ] L] [49
8€ L€ o o o [£4
9t 1 1 1 L] v
L1 91 o 4] (] a3l
I3 4 8 1 1 8 '3
1 [} 0 0 o 1
et € [+] 1 L] €
(14 L 24 4] 1 o £ 44
61 ] 4 1 e i
i8 6L $ L4 o £44
9¢ (13 0 1 ] £ 24
113 1€ 3 4 o 11
L v o 4] o z
H/n H/W H/NW H/W W/ uilvd

IvioL Wd3¥ Wd3N dSNT aN1 -3
HISNN  AdNd [+ [ #1 “¥ed HISNN

SUNOH-1H9 114 000°0T W34 S3ivy

AWIMMNS ANINOINOD INIHIS NOTLIISSNE

© 0 0 = o ~

- O -

N O O O

e m O ™

wivd
-3
AdNud

o N et e el e

véd

YOLYIIONT HIVL 0%0L01S
YILLIWSNYYL I¥NSSI¥d 110 02CL01S
YOLVIION] 3¥NSS3Ivd 710 010201¢
SASSNS SLINIWNVISNI SAS 3AI¥0 000101S
TVi0L M3LSASENS
ASSY 37dN0JOWYIHL 1SAVYHXI 0Z1901¢
YOLVOIOGNI dW31 SV9 1SNVHXI O11901S
YILLINSNYYL ¥OSNIS 2NDNOL 0019016
YOLYIIONT 3NDNOL 060901S
YILLIWSNYYL 3¥WNSSINd T3N3 080901
WOLVIIONY 38NSS3Ivd 13IN3 CLG901S
WILLINSNYHEL SS3ud TI0 0Y0901S
WOLVIIANI IWNSS3¥d 110 0S0901¢
SINE IYNLVYIINIL V0 0509018
WOLVIIGNI 3uWNLIYY¥3IdNIL TI0 0£0901§
YOLVYINID HIVL 020901€
$OLYIIONT HIVL TvnG 010°01s
MBLSASINS SININNYISNI 3INIONI 000501S
TVAO0L MILSASONS
O¥A9 TYNOI173¥1Q 090501S
WITIIVGNY 0€0SOTS

YILLIWSNYYL SSVEWDI 020501¢

JUNLYIININON A

T«HN - WTOOW 0IM
2Z = WIS 4SN)

264



0°0Ce ]

0°00%

0°00y 1

0°00y
0°008
0°001

0°008
0°00%
0°008%
0°000

e 6 o ©

© © © o ~

0 0 O O N

[ ) 1¥09v LN¥08Y

ni39
TALNT

oz 39vd

113
-N1

NOIS
-S1iu

1y
oz

oz

ot

AW3
wdI
HISNN

¢« ©0 O ¢

© © © 0o -

iw3
ud3Y
A3ud

*08
Lz
L2

EY

€€

€L

€1
91

N/
viol

o o 4 /] ]
] 0 4 0 |
1 [+] 1 ] 4
1 (] 1 [J F4
69% 12 oL (124 21y
92 (] o [J 52
9z 0 o (o] L 24
1 ¢4 [ 6 L] €1
& 4] 1] [ 1
v [+] 1 ] t
el S i | ] 11
(34 1 € €2 92
9 [¢] [} 0 1
1 o [+] o ) 4
[ 1] o e €
91 o [} 0 ]

H/NW H/u H/W /W divd
¥d3d wd3¥ dSN1 dSNY -3
HISNN  AdNd (] s21 “¥°d  HISNN

SYOH-1HS 113 000401 w3d S3ivH

AWV WHANS ANINOGNDD INIMIS NOTLIF4SNI

€Z

[ 4} © o w

e © 0 0 =™

yivd
-3y
A3dd

W3ILSASENS d1INd3 TvALANNS
AVA0L WILSASENS
11w O1v AS¥I4
WILSASANS JINDI TVYIIOIW
IVLAL W2LSASENS
274109 INI4 IMEVINOL
WILSASENS JINDI INTLHOTS 3¥ld
WILSAS 41NN ADINIOWINI
IVA0L WILSAS
Ivi0L WILSASENS
WILLIWSNYL I¥NSSIUd
SASONS SINIWNMLSNI J1NVY0AH
TVLI0L W3LSASENS
HJLIAS 3IA3T KO
WILLIWSNYYL ALTINVND 1304
YOLVIIGNT ALILINVAD 3N4
HILSASENS XLIINVND 2nd
V10l WALSASANS
HILINSOWY3HL
93N IWNLviIdWNIL 10
SOLYITONI FWNLY®I4WIL 10
YOLVYINIO HOVL

3¥NLVY IININON

000€G616

0102016
0002016

otot10tl6
0001016

0000016

0e0601s

0006015

0%0801s
0€0801s
01063V¢
0008015

060L01S
080201s
090L01g
050401s

Nk

T-HN - 1300 273M
2Z - 3W3HIS dSNI

265



s€

(o)

o

0°00y (4]
dSNl 109V
AL39 179
TALNT -NI

1Z2 39ve

L9l

L3909V
NOIS
-SIin

5L

iW3
¥d3iw
HISNO

€Evel

im3
Yd3dy
Adud

21041

W/ w
wioL

09€. 9192 1252 L2 (1] 1€62

1 [+] L] (] 2

Q [+] 1 o [}

] ] 1 0 L]
H/w H/W W/ H/N divd
¥d3¥ dd3IN d$N1 dN1 =34

HISMN A3 ¢ 2 *¥°4  HISNN

SUNOH-1H9 114 000°0Y ¥4 S3ivy

Auv NS LININOANOD ININOS NDLLDIgSNI

€LY

dlvd
-3¥
Add¥g

T/A01 W31SAS TV
TVi01 W3LSAS
II0L WILSASENS

1 LT¥ IVAIAWNS OT10f016

vdd JYNLVIININON nn

T-HN - 1300M OI3IH
ZZ - 3W3IHIS dSN}

O
O
N




4SN1
ni130
TALN]

T

SE

j% 1))

39vd

174
-N1

Lol

1u08vY
NOI1S
-SIW

oSlY

AW3
Ydad
“ISNN

€71

in3
dd3
A3Yd

91041

H/N
Iviog

09¢l 9192 L2852 »T16s 1€62

RN H/M™ H/W H/Y uivd
¥d3d nd3¥ dSNIT 4N -3
HISNN  Addd aHds *W*Jd HISNR

SYNOW-1H91 14 000401 ¥¥d4 S3ivi

AUVRWAS ININOHOD INTHIS ND11I34SNI

€L11

divd
-3
A3ud

wdd

WL0L W3ILSAS

mny

2WNLY 1INIWON e

1-HN - 13008 CTIIH
€2 - ININIS dSN1

267



$°€ 1°0 z°0 2°0 Z°0 L°0 z2°0 z°0 Ivi0l

s°t L°0 z°0 Z°0 2°0 i*0 2°0 Z°9 OZNLY WILSAS 13N2  9¢
9°2 9°Z 1°€ 9°Z 9°2 9°Z 1°€ 9°2 vL01

9°Z 92 1°¢ 9°2 9z $°2 1°€ 9°2 oZnLS MILSAS ¥INO0d IITIMNVEAAH S&
€°0 Z°0 z°0 z°0 Z°0 Z°0 2°0 z°0 wvi01

£°0 z2°0 2°0 2°0 z2°0 z2*n z°0 z°0 ozZAL9 HI1SAS ONIAHDID &%
s°1 1°1 0°z 1°1 1°t T°1 Q-2 1°1 Iviol

$°1 1°1 0°2 T°7 1°1 1y 0°2 1°1 OZTALY WILSAS TVIIWLIIW 24
0°1 6°0 s°1 6°0 9°7 6°0 <1 6°0 wviol

0°1 6°0 s$°1 6°0 9°1 6°0 51 6°0 OZNLY SAS NMOLILVTIVASNI INVI4 ¥WINO4 62
Ty % €°s Z°%y 9°y z°s €°S T°% Iviol

z°y Z°y €°s Z°y 8y Ty €°s t-d ] OZNLY W3ASAS NOISSINSNVEL - SIAIWO 92
€°0 €°0 €°0 €°9 9°2 €°0 €°0 €9 wiol

€°0 €°0 £°0 €°9 92 €°0 €°0 €°9 0ZNLY WILSAS INTONI 1LJVHSOQUNL 22 w
L°1 i1°1 -1 8°1 4°t 1°1 i1 81 ™i101 o
L°1 i°1 L1 [ Bk § i1 L L1 e°1 ozZnL9 WILSAS woiOW 1
9°s 8°s 8°s €°9 €°9 8°s 8°s €°9 wiol

8°s 8°s e°s €°9 €°9 L4 o°s £€°9 0ZNLY WILSAS STOULINOD IMDITYS o1
€°c €°0 €°0 $°0 €°0 €°0 €°0 $°0 wiol

€°0 €0 €°0 | ] | ] £€°0 €°0 $°0 OZNLY W3 LSAS ¥VID ONIONYY €1
1°0 1°0 10 2°0 91 LB 1°0 z°0 wi0L

1°0 1°0 1°0 z2°0 9°1 T°0 1°0 2°o ozZNLY ®ILSAS INSNLIWYLAWO) 39vIISNd 21
L ¢ 4 2 »°2 L°€ 1°¢ L A 4 2 L°€ wvioL

. 0°0 0°0 0°2 0°0 z°0 0o°o 0°0 0°0 0ZASE
L b4 ¥°2 ¥°2 iL°¢ 6°2 y°2 L At 4 L€ 0ZALY 31SAS INvidely 11
SON WIL1SAS
t 11 o1 6 8 I3 9 S Y € z 1

(SUNOH 00T) SIVANIANT NNT1D34SNI

T=HN - 73000 03I
€Z 3¢ ZZ - ININIS 4SNI
& AYVWHNS UWNOH-NWYH “dSNT 03I MOINIS =




L€
L°€
09

. 14
€°0
Tz

1°0
1°0
Z°z
€0
6°1
€t
€°t

T 3I9vd

“1€ 23 °8€ °9€
L€ L1°€ L°€ L°€
8y 1°s 1°9 8°s

<4 °eT “8z X4
z°0 0°0 0°0 2°0
8°1Z L°€Z 2T°8Z o°9T
1°0 0°0 0°0 0°0
1°0 o°0 0°0 0°0
§°0 $°0 Z°0 $°0
7°0 2°0 0°0 0°o
$°0 ¥°0 Z2°0 $°0
8°0 1°0 1°0 1°0
£°0 1°0 1°0 1°0

i 9 $
(S¥nNoN 001)

STIVANI INT MOT1D34SNI

¢ AYVHHNS WNCH-NWW

°T€
L€
L A
b4
z°0
8°12

1°0
1°0
8°0
z°0
s°o
8°0
8°o

€

hd 1
L°€
1°s

“v2
0°0
L°€2

0°0
0°0
$°0
0°0
+°0
1°0
1°0

4

g€
L€
1°9

8z
0°0
Z°92

0°0
0°o
z°0
0°0
Z2°0
1°0
1°0

“dSNT 03 TMNGCIHIS »

02NG €
0zZNLY

0ZNnL9

oZASE
ozZnLe

OZARLY

SOm

269

Iviol

IWIL ANIVH “AJ¥a ¥ 30N
3WIL SS3IJIV I ONINY3ITD
TVL01 NOJLIIAdSNI

SWILSAS VIV Wwiol

Wikl
WILSAS dINDI AINISWINI 16

J(hmh
WILSAS AININNYISNI 1§

V101

NILSAS SITLIVLLN SALINVITNIISIN 64

W3LSAS

T-HN - 3008 0I3H
2Z -~ IWIKIS d4SWI



8°0 8°0 8°0 8°0 L°0 e°0 e°0 §°0 Y104
e°0 e°0 8°0 8°0 e°0 e°o e°0 9°0 oZMe WILSAS IVIINLIOITNI 2y

1°1 L 8 €1 L Bl § 11 [ § €e°1 -1 viol
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0zees
1°0 1°0 z°0 1°0 2°0 1°0 2°0 1°0 0zZ3489
*°0 £€°0 *°0 €°0 *°0 €°0 $°0 €°0 02989

9°0 9°0 1°0 9°0 9°0 9°0 i°0 2°0 O2ZNLY SAS NOILVTIVISNI INVId ¥3M0d 62
T°s 1°s L 2 1°s 1°¢ 1°s ¥°S 1°s Ivios

1°y L 3 2 L 2 T1°y 1° 1°e y°y 1°9 02099

6°0 6°0 0°1 6°0 6°0 6°0 0°1 6°0 O2ZNLY W3LSAS NOISSINWSNYY] ~ SIAIY 92
z°0 z°0 Z°0 ¥°0 €°0 z°0 Z2°0 $°0 Wwi01

10 1°0 1“0 €°0 z°0 1°0 1°C t€°0 0ze89

L} 1°0 1°0 1°0 1°0 1°0 10 1°0 OZNL9 W3L1SAS 3INIONI LdvHSOg¥NL 22
L2 12 i1°2 4°T 1°2 1°2 1°2 f Sk 4 wvios

9°2 9°2 9°2 L2 9°2 9°? 92 i1°2 0zZ389

1% 19 1°0 1°0 1“0 1°0 1°0 1°0 02NLY N3IL1SAS ¥OLOW ST
°y S Yy [ 38 4 I 5 9 £y [ 38 Ly Wwiol

¥°0 L A %°0 %°0 $°0 4°0 4°0 ¥°0 0zZ389
0°0 0°0 0°o 0°0 0°0 6°0 0°0 0°0 0z 489

Z°y Z°y 3 €°y Y 2°y 2y €y OZNLY WNILSAS STIOWINC™ LHOITS &I
-1 1°1 11 1°1 1°1 T 1°1 1°1 viol

11 I°1 1°1 1°1 1°7 T°r 11 1°1 OZNLS WI1SAS ¥v33 INIONYVY €1
0°0 0°0 0°0 1°0 1°0 0°0 o°c 1°0 viol

0°0 0°0 0°0 00 0°0 0°o 0°0 00 0Z989

0°o 0°0 0°0 | O} 1°0 o°e 0°0 1°0 OZNLS WILSAS LNIWLNVIWNOD 39V HSNY 21
€9 £€°9 €9 8°9 €°9 £°9 €°9 8°9 V1oL

6°s 6°s 6°S Y9 6°§ 6°¢ 6°S v*9 02999

9°0 ¥°0 4°0 ¥°0 y*0 40 ¥°0 ¥°0 0ZNLY FILSAS Invyddiv .1

SOW W3ILSAS
(44 11 o1 6 ] 4 9 S ] € 4 1

(SUNOH 00T1) STVAMIINT NOTID34SNI

T=H4N - TI00W OT13M
$T I9ve ZZ - IWIHIS 4SNI
& ANVNNNS YNOH-NYN VIVIIY IJALLINIASNG »

270



6°L

0°0
0°0

€°0
z°0
0°0
1°0

2°0
1*0
0°0
1°0
Z%0
0°0
1°0
Z%¢
e°2
0°0
€°0
€0
€°C

ta s 1t o1 6 L]

9 39vd

9z *9Z ‘42 °92
| R4 0°e 8°2 4
1°y vy 1°y 1°4
1°0 1°0 €°0 z°0
0°¢€ 0°¢ 0°¢ 0°t
1 9°1 [ ¢ $°1
1°0 0°0 0°0 0°0
€°9 €°9 i1°9 €°9
6°L 8L 1°e 6°L
o°¢C 0°0 0°0 0°0
0°0 0°0 0°0 0°0
€°0 €°0 Z°0 €°0
Z°0 Z°0 1°0 Z°0
10 0°0 0°0 0°0
1°0 1°0 1°0 1°0
z°0 1°0 1°0 1°0
1°0 1°0 1°0 1°0
0*0 0°0 0°0 0°0
1°0 o°0 0°0 0°0
1°0 0°0 0°0 0°0
0°0 c°0 0°0 0°0
1°0 0°0 0°0 0°0
¢ €°€ 2°¢ Z°¢t
8°2 0°¢ 8°2 At 4
0°0 0°0 0°0 o°¢
€°0 €°0 t£°C £°0
2°0 €°0 2°0 z°0
z°0 €°0 2°0 20

i 9 s L4

{SYNOH 001)

STIVANI INT NOT1D3dSNI

92
8°z
1°%
1°0
0°z
§$°1
1°C
£°9
51

0°0
0°0

€°C
zec
1°0
L Sl o}

z°0
T°0
1Bl ]
1°0

1°c
0°0
1°0
z°€
e-?
0o
€°0

z°0
z°0

L3

*9z
0°€
Lk 4
1°0
0°¢€
9°1
0°0
€°9
8L

0°0
0°0

€0
2°0
0°0
1°0

Z°0
Z°0

& ABVNNNS YNOH-NYW HIVveIW FATINIAIDd »

OZHB9
0lQs9
ozZss9
0Z3u9
02489
0ZAS €
02989
0ZNL9

O2ZNLS

0Z489
oNSE
O2ZNL9

0Z369
0Z989
OZNLY

0Z489
OZNLS

OZHE S
[ 2£ 1]
OZNL9

0z489

SOW

wioa

Vil

Iviol

w101

viol

IviGl

wiol

SHILSAS 1W Iv'IL

WIL1SAS JINR3 AINIOUINI 16

WILSAS LINIWNYLISNI 1g

271

W3SAS SITLIVILAN SNIINVITNAISIN 6%

WILSAS 13INd 9y

WILSAS WINOL ITINVEIQAH G

WIPiSAS ONTLIHOIT &

WILSAS

TI-HN - 7300 0V3IM
2Z = IMIHIS dSNI



920 $°C ?°0 9°0 9°0 9°0 9°0 9°0 viod

9°0 9°0 9°0 9°0 9°0 9°0 9°0 9°0 0z489 MILSAS TVIIVIIFI3 24
6°0 6°0 0°1 6°0 6°0 6°0 0o°1 6°0 wi01

0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 0zZe8 9

1*0 1°0 1°0 1*0 1°0 1°0 1°0 10 0z489

€°0 €°0 €°0 €°0 €°0 €°0 €°0 €°0 0Z9%89

€°0 $°0 $°0 $°0 $°0 s°0 $°0 $°0 02NL9 SAS NOILYTIVISNI INVId ¥3MOd 62
9°c 8°€ 0°y 9°E 8°€ 8°€ 0y e°¢ wviod

2°¢ c°€ ¥°€ 2°¢ 2°€ 2°¢ L 2g 2°¢ 02as9

9°0 9°0 9°0 9°0 9°0 9°0 9°0 9°0 OZNL9 WILSAS NOISSINSNYY¥L - S3AI¥A 92
1°0 1°0 1°0 Z°0 z°0 1°0 1°0 Z°0 IVi0L

1°0 1°0 1°0 z°0 10 1°0 1°0 z°0 0ze89

10 1°0 10 1°0 1°0 1°0 1°¢ 1°0 OZNL9 HILSAS 3INIONT 1d4VHSOU¥NL 22
[+ et 4 02 0°2 1°2 0°2 0°2 [ g4 1-2 vioL

0°2 02 [0 4 0°2 0°2 o°Z 0°2 02 oz389

1°0 1*0 1°0 1°0 10 1°0 1°0 1°0 ozZNL e WALSAS WOMD¥ S
z°t Z°€ z°¢ ¥ € €°€ Z2°€ Z°€ y°€ wviog

€°0 €°0 €°0 £€°0 €°0 €°0 €°0 €°0 0zZ389
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0°0 oTN9

6°2 6°2 6°2 G € 6°? 6°2 6°2 0°¢c OZNLS WILSAS STOYINOD INSITE &1
s "0 $°0 $°0 $°0 $°0 s*0 $°0 $°0 Ivi0L

$°0 $°0 $°0 $°0 $°0 s*°0 $°0 $°0 0ZNLY WILSAS ¥Y3I9O ONIONVY €1
0°0 0°0 0°0 1°0 1°0 0°0 0°0 1°0 Twi01

0°0 0°0 0°0 6°0 [+ 2} 0°0 0°0 0°0 02989

00 [ 2 1] 0°0 1°0 10 o°0 0°0 1°0 O2ZNLS MILSAS INIWLINVENOD ISVIISNS 21
vy »y vy iL°y °y L4 ¥y Ly wi0L

1°y 1°y 1°y v y 1°% T°e 188 4 vy 0zZ9e9

Z°0 Z°0 z°0 €0 z°0 z°0 Z°0 €°0 OZNLY WILSAS Fuveduivy 11

SOM KI1SAS
£4 1 ot 6 9 i 9 S L 4 € 4 1

(SYNOH 00T) SIVANIINT NOTL1D34SNI

T~HN - 1300W O33N
42 3IWwd ZZ - INIANIS dSNI
e 3MI1 JONYNIUINIVE Q3ISAVII VIVEIY JAILINIASNGD

272



‘8
8°1
2°¢
1°0
€°C
21
0°0
S°y
€°S

0°0
[+ B )

z°0
10
0°0
[+ 2d ]

1°0
1°9
0°0
1°0
1°0
0°0
1°0
0°Z
81
0°0
z°0
€°0
€°0

21 1 3] o1 6 L}

T 39v¢

1 °8l *61 *6
8°1 6°1 81
Z°€ ¥°€ Z°¢
1°0 1°0 Z°0
€°Z €z €2
1°1 z°l 1°1
0°0 0°0 0°0
S°y S°Yy i°y
€°¢ 2°s *°s
0o°0 0°0 0°0
0°0 0°0 0°0
€°0 z°0 2°0
10 1°0 1°0
0°0 0°0 0°0
10 0°0 0°0
z*0 1°0 1°0
1°0 1°0 1°0
0°0 0°0 0°0
10 0°0 0°0
1°0 0°0 0°0
0°0 0°0 0°0
10 0°0 0°0
0°2 1°2 0°2
8°1 6°1 8$°1
0°0 0°0 0°0
Z*0 2“0 "0
z°0 Z°0 z°0
Z°0 2°0 Z°0

'S 9 S
(SHNOM 00T)

T "8 T
8-t
Z°¢
1°0
€°Z
11
0°0
Sy
€°S

0°0
0°0

z2°0
1°0
o°o
0°0

10
1°0
0°0
0°0

o°o
0°0
0°0
02
81
0°0
z°0
Z°0
2°0

4

STIVAMIINT NOT1D34SNI

oY
e°t
Z°€
1°0
€°2
P
0°0
[ e d
€°S

0°0
o*0

€°0
-0
n°0
T1°0

z°0
1°0
0°o
T°0

T°0
0°0
A ]
0°2
e°t
o°0
z°0

z°o
z°0

€

*61

1°0

0°0

0*0
0°0
0°C
1°2
6°1
0°0
2°0
2°0
Z°0

r4

*61
e°1
%€
Z°0
€2
1°%
0°0
L°y
v°s

o°o
(LR d]

Z°0
1°0
0°0
0°0

10
1°0
0°0
0°0

0°0
v°0
0°0

0°Z
8°1
0°0
z2°0

z°0
z°0

0ZHE9
02089
024989
02389
ozZd489
02%s€
0Z989
ozvLe

0ZNLY

0Z469
oDdsE
O0ZNLY

0Z489
02989
oZNL9

0zZ4e9
OZNL9

0ZHe9
0Z489
OZNLY

0zZ499

SOw

s INEL IONVYNIINI VM G3SIVII WTVE3 ¥ AILINIAIYS =

wi01

101

Iviol

IVL0L

IvioL

avict

IL01

SWILSAS TV TWwi0L

WILSAS

4IND3 AIN3OUINI 16

WILSAS LNIWNYISNTI TS

W2LSAS SITLITIAN SNOINVTITIISIN 6%

W3LSAS

W31SAS 13Nd 9y

YIA0d I1INVYGAH S&

WALSAS ONILIHOTIT &%

H3L1SAS

T-HN = 73006 01IH
2Z - 3IWIHIS dSNI

273



e

6°2  6°Z 6°T 6°2 6°T 6°2Z b6°2 6°2 WIVdIY - 3ZIS P34 AV
2 2 2 2 2 z 2 2 NOILIIASNI - 3ZIS M3I¥D *3AV
€2 06z 1 sz €2 02 w2 e2 SHNCH IWLINMGD 03IN03IHIS V101
¥s 8y 0 ¢s €5 9%  0g $s SHNOH-NYW TYN12V A3INOIHIS TiOL
¥S 8% 05 5 € 8% 065G SUNOH-NVW FAI1D3443 G2IN0IHIS TVi0L <
~
i°C 1*0 0°0 0°C 0°0 I°0 0°0 0°0 WILSAS JINP3I ADIN3ISUIWI 16 ~
$°2 1°1 4°C %°0 L°0 TV .[°0 4°0 WILSAS INIWNYLSNI 1s
8°T 0°I 2°0 2°0 2°v Z2°Y Z°0 2°0 W31SAS SITLINILN SNOINVINIISIN 69
L*€  6°0 2°0 2°0 2°0 6°0 2°0 <G W3IISAS 3nd 99
8°s L°s ¥°9 L°s i°s L°s ¥*9 LS W3IISAS YIHOd JITINVYCAH G
9°0 %°0 $°0 ¥°0 %0 %°0 S°0 %0 WILSAS SnilHSTY e
€°2 8°1I 8°C 8°T 6°T 8°T 8°Z 8°1 N31SAS IVII813 13 2v
1°2  6°T L°Z 6°l 1°Z 6°T 1°2 6°1 SAS NOILVVIVISNI INVId #3N0d 62
€°6  €°6 L°01 €°6 8% €°6 L°01 €°6 WILSAS NOISSIWSNYYL - SIAIND 92
$°0  $°0 $°0 1°9 6°Z S°0 $°0 L°9 WILSAS INTONI L4vHSOSWN) 22
AL LI AT I I L TR T L Y W3I1SAS ¥OIOW S1
¥°01 4°01 %°01 O0°I1 6°0T 4°07 &°01 o0°11 N1LSAS SIOMINOD LHOITd &1
¥ T 9T 9°T  9°1  &°T &°F &°% 9°1 WI1SAS YV3I9 ONIONYY €1
1°0 T°0 1°0 €°6 4°T T°0 1°0 €°0 W3L1SAS 1NIWIWYANOD 39V 1ASNY 21
L°9  L®9 L°8 s°01 %*6 1°® 1°8 s°Oi WILSAS IWVHINIY 1Y
SHILSAS
SUNOH-NYW JATL33443 Q3 O3HIS
21 11 [+] & e 4 9 19 L 4 € F4 | ¢

(SYNDKt 00T) STVANIANT NOTLI34SNI

I-H0N - 7300W O7T3IH

6Z 3I9vd 22 -~ 3W3NHIS dSNI
¢ AYVMWNNS NOI 1D34SNI TIINAWIS »



